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GAVIN AND ANDREW. 
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ABSTRACT 
Dunstan Formation lignite bearing strata within the 
l,000m thick Miocene Manuherikia Group of Central Otago 
represent an important coal resource. Three principal coal-
fields, Blackstone, Roxburgh and Nevis are identified. 
Detailed stratigraphic and sedimentologic data from outcrop 
and over 120 boreholes were assessed to evaluate Central Otago 
coalfield stratigraphy and the paleoenvironmental controls 
governing peat deposition on a broad alluvial plain surrounding 
a large freshwater basin (Lake Manuherikia). 
Six complexly interrelated Dunstan Formation members are 
identified; each member represents a distinctive depositional 
system that is subdivided into sequences comprising genetically 
related lithofacies recognized by an abbreviated mnemonic 
code. Depositional systems recognized are: 1. Braided river 
deposits of the St Bathans Member occurring at the base of 
the group, infilling valleys entrenched in the weathered 
schist and greywacke basement. They incorporate deposits of 
major channels and a diverse range of shallow minor channels 
dominated by bar and dune bedforms. 2. Fine grained alluvial 
plain deposits of the Fiddlers Member and Middle Old Woman 
Submember. The former represents an extensive long-lived 
fluvial plain traversed by meandering channels dispersing 
sediment into muddy flood-basins and Lake Manuherikia. 
Locally, muddy and peat-forming swamps replaced abandoned splay 
filled flood-basins. 3. Anastomosed fluvial deposits of the 
Lower Old Woman· Submember. Stabilized river channels were 
bordered by long-lived muddy flood-basins and peat-forming 
swamps, producing thick laterally discontinuous deposits of 
lignite, gravelly sand and mud. 4. Carbonace,ous rich delta 
plain deposits representing Blackstone and Teviot Members 
developed at major points of sediment entry into Lake 
Manuherikia. Complexly interdigitating fine grained facies 
representing short-lived peat swamps, well drained swamps, 
interdistributary bays, levee and distributary channels 
accumulated on the lower delta plain, contrasting with the 
long-lived peat-forming backswamp environment that dominated 
the upper delta plain - lower alluvial plain landscape. 
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5. Marginal laaustrine deposits of the Kawarau Member 
represent a stagnant swampy shoreline interdigitating with 
interdistributary bays (Cromwell Submember) and a current 
agitated terrigenous lake margin (Ewing Submember) of beaches, 
mudflats, backbarrier lagoons and bays. Ostracods, algae 
(including oncolites), fish and bird remains are dispersed 
within shoreline facies. An enlarging Lake Manuherikia 
progressively onlapped older lake margin and alluvial plain 
strata, depositing a thick (700m) pile of sandy and muddy 
(including richlykerogeneous) sediments (Bannockburn Formation), 
blanketing an area in excess of 5,600 km2 . 
Extraordinary thick coal beds of the 33 - 90 m thick 
Johnstone and McPherson Seams (Blackstone and Teviot Members) 
accumulated in long-lived backswamps of upper delta plain -
lower alluvial plain environments. Thin (< Sm thick) laterally 
discontinuous coal beds with numerous splits occurring in the 
upper portions of these seams accumulated in short-lived lower 
delta plain swamps, adjacent to a network of interdistributary 
bays and distributary channels. Pluvial plain peats primarily 
accumulated in swamps that enveloped infilled flood-basins of 
the broad low gradient Fiddlers alluvial plain, or they 
accumulated (like the deposits of the 24m thick Ben Nevis Seam) 
in long-lived swamps on the Old Woman alluvial plain, adjacent 
to stable anastomosed channels. In fluvial settings, coal 
quality, seam configuration, frequency and thickness of 
partings was primarily influenced by channel overbank and 
splay sedimentation. Almost total abandonment of Old Woman 
flood-plain alluviation and a sustained high water table were 
conducive to t~e development of the laterally extensive 22m 
thick Homestead Seam of the Upper Old Woman Submember. At 
the lake margin, peat-forming swamps interdigitating with 
interdistributary bays produced the numerous thin (< Sm 
thick), laterally discontinuous coal beds constituting the 
Kawarau Seam. Cyclic repetition of these coal beds was 
governed by fluctuating lake levels. 
The study emphasizes the significance of detailed 
observations and analyses of coal-bearing strata, demonstrating 
the potential role of paleoenvironmental modeling in coal 
exploration and mining activities. 
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INTRODUCTION., RESEARCH CONCEPTS AND REVIEW OF 
PREVIOUS WORK 
INTRODUCTION 
OUTLINE OF THESIS 
A major lignite resource occurs within the Dunstan 
Formation of Miocene Manuherikia Group strata in Central 
Otago. This thesis examines the lignite resource of 
Manuherikia Group within the area cornered to the 
south-east by the Ettrick Basin, to the south-west by the 
Upper Nevis Valley, to the north-west by Albert Town and 
the north-east by the western part of the Maniototo Basin 
(ef. Fig. 1.1). This area, c. 5,600 km2 , is included in 
New Zealand Geological Maps (1:250 000 scale) Sheet 22, 
Wakatipu (Wood, 1962); Sheet 23, Oamaru (Mutch, 1963); 
Sheet 24, Invercargill (Wood, 1966). 
Manuherikia Group is subdivided into the fluvial 
lignite-bearing Dunstan Formation (new), within which the 
lignite occurs, and an overlying Bannockburn Formation (new), 
consisting of a lacustrine suite of sediments. 
A refined stratigraphy subdividing Dunstan Formation 
into genetic units of regional significance is presented. 
Chapters 2 to 7 relate to the detailed description and 
interpretation of outcropping stratigraphic sections, bore-
hole and electric log information. Detailed bed-by-bed 
descriptions of stratigraphic sections are necessary to 
assess the actualistic setting of the depositional 
environments. From this information,,the paleogeographic 
history of coal-bearing strata is reconstructed to provide 
depositional models. These are invaluable for resolving 
problems of stratal correlation and predicting the 
occurrence and character of coal beds. 
1.12 SOURCE OF DATA 
A field survey was conducted between September 1975 
and 1981 over most of the enclosed map area of Fig. 1.1. 
Some twenty-five sections were described, and a number of 
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areas identified as potential lignite prospects were mapped 
(for example, the Lower Nevis Valley; Roxburgh East, Home 
Hills and Hawkdun Coal Sectors, Bannockburn-Cromwell-Lowburn 
district, St Bathans-Cambrians-Lauder district, Fiddlers 
Flat area). Not all this information is documented in the 
thesis. Data from field surface investigations formed an 
important basis for locating borehole sites, assessing and 
interpreting borehole (core, wash chips and E log) 
information, and determining correlations between subsurface 
and surface strata. 
Information from two exploratory lignite drilling 
programmes and from two fully cored boreholes (DSIR DH.l 
and DL21, funded by the Ministry of Works and Development) 
are included in this report. Borehole sites are located 
in Figs 1.2; 4.2; 4.3; and 6.2. The locality description 
and grid. reference of boreholes are presented in Appendix 1. 
Eighty-one boreholes (d2001-d2081) which include 
two fully cored holes (d2054 and d2071) were drilled during 
an exploratory lignite drilling programme (between October 
1978 and May 1979), funded by Mines Division, Ministry of 
Energy. Four key coal prospect sectors (Home Hills, Hawkdun, 
Roxburgh East and Nevis Flats ) were broadly defined by 
this drilling programme. Preliminary assessments of the 
Roxburgh East and Home Hills Coal Sectors were prepared for 
the New Zealand Energy Research and Development Committee, 
and Mines Division (Douglas, 1980a and 1980b, cf. Appendix 
2 and 3). These reports and subsequent correspondence with 
Mines division contain proposed borehole locations for 
additional drilling at Home Hills, Hawkdun, Roxburgh East 
and Nevis Flats Coal Sectors. A further drilling programme 
(between November, 1980 and March, 1981) of twenty-three 
boreholes (d2082-d2104) in the key coal prospect sectors of 
Hawkdun, Home Hills and Roxburgh was funded by the Liquid 
Fuels Trust Board. 
Information from key boreholes and stratigraphic 
sections is included in this thesis. Other outcrop and 
borehole data obtained are heavily drawn upon for deciphering 
j 
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the regional re l ati onshi ps and di s t r i bution o f s edimentation 
units described in detail in this thesis . 
1.13 LIGNITE MINING 
During the goldrush era at the latter part of the 
nineteenth century, lignite was an important local source 
of fuel in Central Otago, and was mined from numerous 
locations. Lignite production dropped steadily with the 
decline of lignite-fueled gold dredges in the early 1900's. 
For the past three decades, the demand for Central Otago 
lignite has been met by production at two opencast mines, 
one at Harliwich's Mine (where the production output for 
1982 was 9,908 tonnes), and the other at Idaburn Mine 
(where the production output for 1982 was 2,236 tonnes). 
1.14 REGIONAL GEOLOGICAL SETTING 
The blanket of Manuherikia Group sediments that 
originally covered the study area, lying unconformably on 
schist or greywacke 'basement', has been highly deformed by 
Kaikoura orogenic events. Deformation began in late Miocene 
and has continued through to the present . Manuherikia 
Group strata are now predominantly preserved in a series 
of north to north-east trending depressions, bounded by 
uplifted schi st (predominant) and greywacke basement blocks 
(cf. Maniototo Basin, Idaburn, White Sow, Manuherikia, Upper 
Clutha, Cardrona and Nevis Valleys in Fig. 1.1). These 
basins are generally in fault angle depressions, with 
Manuherikia Group strata typically deformed into 
asymmetrical synclinal structures. Characteristically, the 
eastern limb of these folds is gently west-dipping while the 
western limb is typically steeply tilted, deformed against 
the uplifted (horst) basement block by high angle reverse 
fault movement. 
Maori Bottom Group sediments (predominantly gravels) 
of late Miocene to early Pliocene age (Pocknall, 1980; 
Mildenhall and Pocknall, 1983) and Quaternary outwash 
sediments typically blanket Manuherikia Group sediments. 
Maori Bottom Group strata are similarly deformed, and 
conformably overlie Manuherikia Group strata (at least 
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Fig. 1.3: Fault bounded outlier of steeply dipping 
Manuherikia Group sediments preserved at 
Doolans Saddle (915m). Broken line marks 
the unconformable contact between deeply 
weathered schist and Lower Old Woman 








where the contact was observed in the study area). 
Evidence for the former regional continuity of 
Manuherikia Group is provided by the similarity of local 
depositional p~tterns in strata occurring in adjacent basins; 
and by the occurrence of remnant Manuherikia Group sediments 
on the dip slopes of horst blocks, for example at German 
Hill (on Rough Ridge, near Poolburn), and in fault bounded 
outliers on these blocks, for example, at Doolan's Saddle 





Prior to this investigation, sedimentation 
characteristics of Central Otago Tertiary strata had not 
been described, precluding any attempt to diagnose 
Manuherikia Group by correlation with modern and ancient 
sedimentary environments. 
The fundamental principle for paleoenvironmental 
reconstructions was recognised by Johannes Walther as early 
as 1894, and was recently brought to the fore by Middleton 
(1973). Walther recognised that a series of facies 
represented in a vertical section may be regarded as 
representative of a succession of migrating facies formed 
beside each other in space. Walther's 'dictum' is echoed 
in the 'landmark ideas' developed from Gulf Coast Cenozoic 
stratigraphy by Curtis and Picou (1978); the essence of 
stratigraphy is sequence 3 ••• "That is, - there is an 
orderly, predictable vertical and lateral succession of 
biofacies and lithofacies. The sequences occur in cycles 
and fit together in depositional systems". 
It is generally agreed (1.34) the regional 
paleogeography of Manuherikia Group strata represents various 
shallow water facies. Lateral discontinuation of such 
facies is well documented from modern environments, and from 
the vertical profiles and detailed mapping of ancient shallow 
water deposits. Paleoenvironmental analysis(adopting the 
'Waltherian dictum') in terms of an actualistic comparative 
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reconstruction of ancient and modern environments is a 
valuable method of elucidating and correlating facies 
changes. 
Accordingly, research methodology for this project 
was designed to combine recent advances in coal characteri-
zation studies, with evolving stratigraphic concepts, as a 
predictive prospecting tool for the elucidation of coal 
seam genesis and correlation. 
1.22 RESEARCH DESIGN 
The intended research design required: 
1.221 Clarification of the existing nomenclature 
(af. Table 1.2; 1.3; 1.4). 
The concept of a regional litmostratigraphic 
framework must be flexible to accommodate rocks (facies) 
deposited during the same period. In essence, the 
lithostratigraphic framework depicts the geohistory of 
rock characters, illustrating facies variability within a 
space-time framework. The framework must be adaptable, 
to accommodate not only the intrinsic refinement eventuating 
from local detailed sedimentologic studies, but also 
contrasting subjective elements of definition (e.g. nomen-
clatural agglomeration) reflecting an uncertainty of 
understanding or incomplete description and analyses of a 
unit. 
1.222 Sedimentologic and stratigraphic investigations. 
This was achieved by field documentation and 
sampling of exposed strata, drillhole cuttings and core, and 
subsequent laboratory evaluation of sedimentation structures, 
textural data and BPB geophysical (electric) logs. 
Sequences were evaluated in terms of cycles and depositional 
systems (af. Curtis and Picou,_ 1978) , correlated regionally 
and environmental facies models constructed. 
The viability of this methodology as a coal 
prospecting tool is well established. From the classical 
research of the Teichmullers' reconstructions of Miocene 
swamp associations from the German brown coalfields 
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(af. Teichmuller, M., 1958; Teichmuller, R., 1958) and 
Wanless paleoenvironmental maps of Pennsylvanian coal swamp 
environments of the American mid-continent (af. 
Wanless et aZ., 1963, 1969), evolved the sophisticated 
stratigraphic models and concepts now applied to decipher 
coalfield resource potential. 
Significant in terms of application to coal 
exploration and mine planning are contributions by Horne and 
Ferm (1976) from Carboniferous Pocahontas Basin, Kentucky 
and Virginia; Horne et aZ. (1978) on Appalachian coal beds; 
Weimer (1976) on the coal-bearing Laramie Formation of the 
Rocky Mountain region; Donaldson (1976) on the origin of 
coal seam discontinuitiea; Weimer et aZ. (1979) on 
depositional modeling in fossil fuel exploration; Flores 
(1979, 1981, 1983) from the Wasatch Plateau and Powder 
River Basin; Ethridge et aZ. (1980) from the Powder River 
Basin; Howell and Ferm (1980) on an upper delta plain 
exploration model for Kanawpa Formation coal, southwestern 
West Virginia; Coates, Groat and Hart (1980) on depositional 
models of Wilcox Group lignite in west-central Louisiana; 
papers produced by the Texas A & M University, Coal and 
Lignite Research Laboratory on Texas Gulf Coast lignite 
deposits (for example, Berg, 1980; Kersey, 1980; and 
Mathewson, 1980); Taylor (1981) on paleoenvironment modeling 
on Hazard #7 Coal, Eastern Kentucky; Kravits and Crelling 
(1981) on the effects of overbank deposition of Herrin #6 
Coal of Southern Illinois; Ryer (1981) on predictive models 
of deltaic coals, Emery Coalfield, Utah; Houseknecht and 
Iannacchione (1982) on facies-related coal mining problems 
in Hartshorne Formation, Arkoma Basin; a.Fld Flores et aZ. 
(1984) on paleogeographic controls of coal accumulation in 
Blackhawk Formation and Star Point Sandstone from the 
Wasatch Plateau. 
1.223 Coal characterization studies. 
The descriptive characterization of lignite was 
attempted by macrolithologic (i.e. megascopic) observations. 
Original plant associations are distinguishable except where 
humic tissues are severely gelified, or the texture too finely 
grained. By comparative observations from present day swamps, 
with bed-to-bed observations of coal-bearing strata, 
examination of mega and micro-botanical constituents (leaf 
epidermes, wood, pollen and seeds), and coal petrological 
studies, coal-forming plant associations and their 
sedimentologic setting aiGs in predicting the quality of 
coal, its potential economic use, and is valuable for 
deciphering seam correlations. 
1.23 
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TERMINOLOGY AND USAGE OF CODED VERTICAL PROFILES 
AND STRATIGRAPHIC NOMENCLATURE (cf. Table 1.1) 
Stratigraphic columns of core and outcropping 
sections of Dunstan Formation are genetically subdivided 
into lithofacies, sequences, and occasionally subsequences, 
that are annotated by a code. 
Section~ were examined in detail, bed-by-bed. 
Beds of similar characteristics are grouped into Zithofacies, 
the basic rock unit described in this report. Lithofacies 
identification is objective and detailed, emphasizing bed-
form features, colouration and textural characteristics, 
biota and thickness. Beds of similar texture and 
colouration, but with (for example), dissimilar sedimentation 
features are assigned to separate lithofacies. Lithofacies 
code symbols are mnemonic, emphasizing the inferred 
depositional subenvironment of the lithofacies. The code 
consists of one or two parts. Firstly, it comprises one 
or two upper case letters that identify the subenvironment 
of deposition, foD example, IB for interdistributary bay, 
and V for levee. Secondly, it may include up to three 
lower case letters to describe the secondary characteristics 
of the environment,. for example, wd for well drained and 
t for peat-forming. Despite the use of interpreted facies 
names as a code base, it is emphasized that the basic litho-
facies subdivision is descriptive and objective. 
A sequence may be dominated by one lithofacies, or 
incorporate a succession of lithofacies, which together 
delimit an environment of deposition. For example, 
Sequence D, a braided channel environment consists of 
lithofacies CRl, cums and CRt; in-channel subenvironments, 
respectively comprising a longitudinal bar, medium to small 
scale dunes and a transverse bar. The annotated sequence 
code comprises a single upper case letter, and is independent 
of the inferred mode of deposition, and unrelated to sequences 
in different members which may have the same letter. 
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Table 1.1 Examples of the scale of geomorphic features 
used to distinguish the hierarchy of Dunst~n Formation rock 
units. Sequences or subsequences dominated by one litho-
facies retain the geomorphic name allocated to the dominant 
lithofacies. 
Subenvironments described at lithofacies level 
Lithofacies code 
Transverse bar 
Longitudinal bar ...................... . 
Subaqueous levee ...................... . 
Distal crevasse splay .•..••••.••.••.••. 
Crevasse splay ........................ . 
Well drained interdistributary bay ••..• 
Poorly drained swamp .••.•••..•••••••••• 












Poorly drained and well drained interdistributary bays 
Systems described at member level 
Blackstone delta system 
Lower delta plain subsystem 
Upper delta plain-lower alluvial plain subsystem 
Fiddlers alluvial plain system 
Lower alluvial plain subsystem 
Lower-mid alluvial plain subsystem 
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The sequence may be divided into subsequences. 
Subsequences represent major subenvironments. The sub-
sequence symbol is expressed by a suffix numeral that follows 
the sequence symbol, for example, Subsequence A2. 
Recurring sequences and subsequences of the same 
type are referred to as cyclic, and may be described as 
upward fining or upward coarsening if an overall trend is 
discernible. A member is taken to comprise one or more 
genetically related sequences which constitute a 
depositional system, for example, the-Blackstone deita system. 
The boundaries between members of the Dunstan Formation 
correspond to both genetic and lithic changes. Each member 
therefore corresponds to a separate genetic and lithostrati-
graphic unit. A member may be subdivided into submembers 
where subsystems can be identified. For example, in the 
Blackstone Member, the·Blackstone delta system is subdivided 
into a lower delta plain system (the Upper Blackstone 
Submember), and an upper delta plain-lower alluvial plain 
subsystem (the Lower Blackstone Submember). 
1.3 PREVIOUS STRATIGRAPHIC AND PALEOGEOGRAPHIC CONCEPTS 
1.31 LITERATURE SYNOPSIS 
Published literature of Central Otago Tertiary 
stratigraphy primarily relates to the mineral wealth, 
providing an important source of information and records of 
outcrops, many now obscured. An exhaustive review of the 
'older auriferous drifts' by McKay (1894), and papers by 
Park (1890), MacPherson (1933a, 1933b, 1938), Pirajno (1977), 
and Henley and Adams (1979), relate exclusively to gold-
bearing strata. Several reports relate to oilshale deposits 
at Cambrian and Nevis, Henderson (1923), Willett (1943a, 1943b), 
Williams (1965, 1974), Rogers and Bibby (1977, 1980), and 
Smith (1977). Numerous papers and reports concerning gold 
and coal mining activities in Central Otago are published 
in the Appendix to the Journals of the House of Representatives 
and in the Reports of Geological Explorations. Other 
relevant_ geologic reports include New Zealand Geological 
Survey Bulletins No. 2 (Park, 1906), No. 5 (Park, 1908), 
No. 39 (Williamson, 1939), Harrington (1955), Bishop (1974, 











Correlation of Central Otago Tertiary Nomenclature 
(continued on p. 14). 
Hector McKay Park 
(1884) (1894, 2nd ed. 1897) (1906) 
Otago Province ( from general table of sedimentary rocks} Otago Goldfields Alexandra Subdivision 
Frm. Series Beds Fnn. Series 
(a) Siliceous cement stones 
& quartz drifts 
L. Pliocene Maori Bottom 
U. Miocene (Sandstone gravels) 
Newer Tertiary e. Manuherikia 
{b) Sandstone gravels 
1. Manuherikia 
2. Bannock!:lurn 
Newer breccia (c) Quartz sands & gravels 
(il Freshwater Series L. Pliocene conglomerate and 
(includes ancient lake- f. Pomahaka quartz drift 
deposits, brown coal; l. Landslip Hill (d) Sands, soft sands~ones 
Great gold-drift) 2. St Bathans Newer or freshwater and clays with lignite 
J. Mataura lignite Miocene Series of quartz 
drifts 
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Table 1. 2 ( cont) 
Morgan Ferrar E.O. MacPherson Williams Pirajno Bo.,..1T1an 
(1920) (1927) (1933) (1974) (1977) (1980) 
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ESTABLISHED STRATIGRAPHIC NOMENCLATURE 
Central Otago area (excluding northern Maniototo). 
The first formal terminology dates from 1884 when 
Hector proposed Manuherikia beds and Bannockburn beds as a 
subdivision of the Manuherikia Series, and St Bathans beds 
as a subdivision of his Pomahaka Series (cf. Table 1.2). 
Identified as Upper Miocene age, Hector gave no further 
definition, these names being designated as subdivision for 
a suite of deposits named provisionally by Hector (1862) 
simply as the 'Older Tertiaries'. 
Hector, 1862, p.86. 
They invariably consist at the base, 
where thay rest on the schist, of strata, 
which indicate the neighbourhood of dry 
land at the period of their formation, 
supporting a vigorous vegetation, which 
has been preserved to us as Brown Coal, 
associated with finely assorted beds of 
clay and gravel, indicative of current 
action in shallow water. 
Later, Hector (1865) referred to these strata as 
the 'Newer Tertiary' rocks, consisting of two series, 
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••• the one freshwater, occupying basins or depressions 
in the schistose rocks of the interior, the other marine, 
confined to the coastline and low altitudes." 
The resemblance of the lignites in the lower or 
older auriferous "drift" of Otago to the brown coal of 
Germany, was reported by Dr Lauder Lindsay (1863) at a 
conversazione held by the Royal Society of Edinburgh. 
Hector's (1884) nomenclature was not adopted by 
the Government mining-geologist Alexander McKay (1891) in 
his account of the Central Otago Goldfields. McKay 
collectively incorporated strata of similar lithology into 
the "Newer or Freshwater Series of Quartz Drifts" (beds of 
light-coloured shales, greenish clays, quartz drifts with 
beds of lignite (p.84, 101-104), and the "Newer Breccia 
Conglomerate and Quartz Drift Series" (cf. Table 1.2). The 
former, McKay (1897) regarded as Miocene lake-basin deposits 
(p.101) the latter, "apparently a river deposit" (p.84). 
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Some cohesion with Hector's (1884) nomenclature 
was established by Park (1906), introducing the Manuherikia 
Series with four members for strata from the Manuherikia 
depression. Later, Park (1908) used the name Pliocene 
Lacustrine Series for similar strata in the nearby Cromwell 
district (cf. Table 1.2). Park included as his upper 
member the sandstone gravels or "Maori Bottom" of McKay 
(1897, p.84, p.106). Park's (1906) "Quartz sands and 
gravels" and (1908) "Quartz drift" members appear to be 
stratigraphic equivalents of McKay's "Newer Breccia 
Conglomerates and Quartz Drift Series". 
The St Bathans Series was proposed by Morgan (1920, 
p.29), for Tertiary Strata (cf. Table 1.2) up to 1,000' thick 
in the St Bathans district. Morga~ considered Park's 
Manuherikia Series nomenclature unacceptable as the latter 
included "sandstone" gravels or Maori Bottom, believed by 
Morgan to be unconformable to the St Bathans Series - a view 
not supported by description, or reference to a location. 
However, Ferrar (1927, p.22) recognized "St Bathans beds" 
within the St Bathans subdivision as conformable beneath the 
Maori Bottom. 
Ferrar, 1927, p.22. 
These clays are therefore truly 
lacustrine. They pass upward into sands 
and gravels, which, gradually turning 
coarser, become the fluvial greywacke 
conglomerate or Maori Bottom. 
In his discussion of the gold-bearing conglomerates 
of the Manuherikia, Ida and Maniototo basins, E.O. MacPherson 
{1933b) recognized three stratigraphic units (cf. Table 1.2), 
but did not include these within any fonnal nomenclature. 
He considered the upper of these members to be overlain 
confonnably by Maori Bottom strata. 
MacPherson,. 1933b, p.263. 
Close to the top the clays become 
lighter coloured, more sandy, and contain 
rusty oxidised bands; this phase is 
considered to fonn passage beds to the 
schist gravels and clays, which overlie. 
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Williams (1974) introduced local Formation and 
Member status for Cenozoic strata preserved in the Lower 
Nevis Valley (ef. Table 1.2). 
Lithostratigraphic nomenclature defined tentatively 
for the Ida Valley by Pirajno (1977) derives from terminology 
described by Park (1906) for the Manuherikia Series and 
Williamson (1939) from the Naseby district. In view of 
new data reported here, Pirajno's proposal is not accepted. 
Bowman (1980, p.5-8) attempted to rationalise 
Central Otago stratigraphic nomenclature into an overall 
regional context (ef. Table 1.2), based on gross lithologic 
variation, a proposal which failed to take into account the 
regional diversity of facies. 
The author (Douglas, 1977a; Douglas and Carter, 1973; 
and Douglas et al.~ 1977), and N.Z.G.S. geologist Turnbull 
(in press), have accepted undifferentiated Manuherikia Group 
(Series) and Maori Bottom Group as the unifying stratigraphic 
framework for the Central Otago Tertiary sequence. In this 
report, a comprehensive terminology for Manuherikia Group 
strata is proposed. 
1.322 Northern Maniototo (Naseby-Kyeburn)area. 
A critical evaluation of Central Otago nomenclature 
would be incomplete without considering the distribution and 
nomenclature development of sediments in the northern 
Maniototo (Naseby-Kyeburn) district. 
Earlier workers, McKay (1894), Williamson (1939), 
and Harrington (1955), all recognized three broad litho-
stratigraphic units (ef. Table 1.3); a lower and an µpper 
gravelly sand unit, separated by a marine greensand - these 
unconformably overlying older breccia-conglomerates mapped 
as the Kyeburn Formation. 
McKay (1897, p.69) recorded from the Government 
Dam, Naseby, quartz drifts overlain by gritty and finer-
grained greensands with marine shells, overlain nearby (p.71) 
by white clays with beds of lignite and further quartz 
drifts - a succession generally accepted by later workers. 
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McKay (1897, p.84-85) considered the quartz drifts £ram 
beneath the greens and as part of the f•older Quartz Drifts" 
within his Lower Series Cretaceo-Tertiary Formation. He 
placed the greensand from Kyeburn within his Pareora Series 
Lower Miocene Formation, but regarded greensand at Naseby 
as older, within the Middle Series Cretaceo-Tertiary 
Formation. However, McKay (1897, p.101) conceded that 
quartz grits and lignite overlying greensand at Naseby and 
Kyeburn may belong to the Freshwater Series (newer quartz 
drifts), " •.• which would thus seem to have been present 
over the area of the Maniototo Basin." Williamson (1939, 
p.49) divided the sequence into the Hogburn, Naseby and 
Wedderburn Series, the former and latter for the terrestrial 
sediments below and above the glauconitic greensand. 
Harrington (1955) revised descriptions of sections, 
and later (in Fleming, 1959) proposed by tautology type 
localities for the Hogburn, Naseby Greensand and Wedderburn 
Formations. 
Bishop ( 1974) aggregated Hogburn, Naseby and 
Wedderburn Formations into the Stranraer Group, and redefined 
the type section for the Hogburn Formation. 
A type section for the Maori Bottom is defined by 
Bishop (1979) from the Swinburn area and the unit is 
considered "probably unconformably" overlying Stranraer 
Group in the Naseby abd Kyeburn areas. The stratigraphic 
and geographic range of the Stranraer Group was extended by 
Bishop (1979) to include marine strata of the Swinburn 
Formation of Sang Lyen (1962), and Green Valley Limestone of 
Cavaney (1966), which locally (af. Table 1.4) occur 
respectively below and above the Naseby Greensand. 
1.33 
1.331 
VALIDITY OF THE MANUHERIKIA GROUP - STRANRAER GROUP 
NOMENCLATURE FRAMEWORK 
Proposed genetic nomenclature framework. 
Central Otago - East Otago Cenozoic stratigraphy 
is dominated by two distinctive geographically extensive 
depositional provinces. An inland terrestrial province, 
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locally overlying and underlying a westward thinning wedge 
of transgressive and regressive sediments related to an 
eastern marine province. The boundaries between the marine 
and terrestrial provinces are transitional, marking an 
intricate trace between bounding marginal marine and non-
marine sediments. The corporate hierarchialunits in Central 
Otago encompassing solely terrestrial facies are the Manuherikia 
Group (Series), introduced By Hector (1884), and the Maori 
Bottom Group (Series), of McKay (1894). The marine trans-
gressive - regressive wedge in Central - East Otago is fully 
represented by the Onekakara Group (Carter, 1977, p.Q-D6), 
and Otakou Group (Carter and Carter, 1982, p.136), for 
sediments of the transgressive and regressive succession 
respectively. 
1.332 The status of Stranraer Group. 
The Stranraer Group concept adopted by Bishop (1974) 
for the Naseby - Kyeburn area, has been extended (Bishop, 1979) 
to include additional marine units in the Ranfurly district. 
Units associated with the eastward thickening marine 
sequence (Swinburn Formation and Green Valley Limestone),· 
are thereby incorporated within the Stranraer Group. It is 
inevitable that for the same reason additional marine 
formations further east in the Shag Valley could be included 
within the Stranraer Group. Similarly, to the west (in the 
greater Central Otago area), it is clear that Stranraer 
Group, if accepted, should be extended 'infinitum' to engulf 
widely varying lithologies of nonmarine sediments included 
in the Manuherikia Group. Bishop's (1976) usage of 
'undifferentiatedStranraer Group' to describe Manuherikia 
Group strata in the Hawkdun and Home Hills area is rejected 
on the basis of priority. 
1.332.1 Difficulties and implications of Stranraer Group 
usage. 
1. The question of relationship (both correlation 
and spatial distribution) between Stranraer and Manuherikia 
Group sediments (both accepted nomenclature in current usage), 
is fundamental to the nomenclatural classification of 
sediments south (in the Maniototo), and west (in the Idaburn 
and upper Manuherikia Valleys), of the Naseby district. 
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Discrepancies in delimiting the position of 
Manuherikia Group and Stranraer Group sediments, and 
sediments of marine and terrestrial origins, largely derive 
from the vagrancies of Stranraer Group nomenclatural frame-
work outlined in 1.332 and 1.332.1. These constitute an 
untenable stratigraphic framework for the exploration 
geologist determining the geometry and resource potential 
of Central Otago depositional sequences. 
2. Bishop's concept of Stranraer Group is too 
far reaching for Stranraer Group to be an informative 
useful mapping unit, and a meaningful genetic stratal 
entity. For example, Bishop (1976) designated 
'undifferentiated Stranraer Group' (Hogburn, Naseby and 
Wedderburn Formations, in terms of his 1976 concept of 
Stranraer Group) for strata in the Hawkdun and Home Hills 
area. However, subsequent boreholes (discussed in Chapter 
3 and 4) reveal a sequence dominated by carbonaceous 
sediments, not comparable with the Hogburn, Naseby and 
Wedderburn Formations. 
The inclusion of marine and nonmarine strata in 
the Stranraer Group greatly weakens its usefulness for 
paleoenvironmental reconstructions. 
3. Williamson's (1939) lithostratigraphy differen-
tiating Hogburn and Wedderburn Formations and Naseby Greensand 
as separate mapping·units is rejected by Bishop's (1974) 
concept of amassing these formations into undifferentiated 
Stranraer Group as a single regional mapping unit where 
Naseby Greensand is missing (cf. Bishop, 1976, 1979). Key 
characteristics described by Williamson (1939, p.49), for 
distinguishing Hogburn from the younger Wedderburn Formation 
are fallible (Bishop, 1974, p.29, 32). Bishop (1976, p.15) 
reports that beyond the limits of the Naseby Greensand, the 
Wedderburn Formations can not be differentiated. The 
impracticality of distinguishing these stratigraphic entities 
was highlighted by Grady (1968, p.27). 
The lowermost Tertiary alluvial 
sediments found in contact with greywacke 
and schist in the Oturehua map area have 
the same characteristics as the Hogburn 
and Wedderburn Formations. Because there 
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are no greensands in the map area, and 
without microfloral evidence, assignment 
of these rocks to either the Hogb~rn 
Formation or the Wedderburn Formation is 
impossible. 
The concepts pertaining to the lithogenetic 
evaluation of Central Otago strata (1.2), are applicable to 
the manner in which differentiation between Hogburn and 
Wedderburn Formations can be achieved, and by which 
components of the suite of 'Stranraer Group' strata can be 
compared and evaluated. 
1. 333 Proposal to discontinue usage of Stranraer Group. 
In view of the preceding discussion (1.331, 1.332), 
it is proposed that the primary criterion for lithostrati-
graphic subdivision of Central Otago Cenozoic sediments 
should be based on a marine or non-marine origin. Stranraer 
Group usage (Bishop, 1974, 1976, 1979). is too broad and 
unselective to reflect the degree of subdivision which is 
both desirable and possible. Considering the workable nature 
of the previously proposed nomenclatural framework (1.322, 
1.331), usage of the more nebulous Stranraer Group is 
discontinued. 
1. 34 PREVIOUS PALEOGEOGRAPHIC CONCEPTIONS (EXCLUDING 
NORTHERN MANIOTOTO). 
Hector (1862) argued by analogy with deposits and 
landscape from the Rocky Mountains of North America, a slow 
progressive submergence of the Central Otago surface, 
initially" ... from an estuary-like arm of the sea to a 
deeply excavated submarine valley.", (Older Tertiaries); 
" ... followed by the formation of great inland lakes which 
were gradually dried up as the existing drainage systems 
became established.", (Newer Tertiaries). 
Hutton (1875) however, believed the rock-basins of 
Otago were" ... due solely to the excavating power of ice." 
Hutton contended, basin strata had not been disrupted since 
deposition. Beds exhibiting a high angle of dip were 
assumed to exhibit a false stratification! 
24 
McKay (1894) established a chronostratigraphy 
based on significant events (Table 1.2). McKay (1883, p. 80) 
perceived a fluviatile origin for the auriferous drifts, 
derived by a great river flowing in an easterly direction 
from Bannockburn to the Upper Shag Valley. He considered 
variation in the lithologic succession directly paralleled 
tectonic movements. For instance, low gradient wide 
valleys became a series of swampy lakes, favourable for the 
formation of clays and lignite deposits. Subsequently, 
McKay (1897, p.95) modified his views on the origin of the 
quartz drifts, believing they resulted from the pounding of 
the breccia conglomerates by wave action, either by the sea, 
or, on the shores of extensive inland lakes. Of these, 
McKay (1897, p.107) wrote, 
•.. the beds betray everywhere the 
same sequence, exhibit the same character, 
and indicate not a number of comparatively 
small lakes, but a vast inland sea capable 
of simulating the greater ocean in the mode 
of treatment and deposit of the residue 
brought into it. 
During Miocene times, alterations took 
place whereby the great inland lake was 
partly drained, the deposits in it denuded, 
and the newer breccias and quartz drifts, 
as also the sandstone gravels known as 
"Maori Bottom", were deposited. At the 
close of the Miocene period, the inland 
lake occupying the greater part of Central 
Otago was largely filled up •.. 
Along lines of faulting, constituting 
great earth-fractures, unequal movements 
took place, whereby in one place the beds 
affected were elevated, while at other 
places they were depressed. These move-
ments have affected all strata of the age 
of and older than the "Maori Bottom" and, 
as a consequence, the breccia conglomerates 
and quartz drifts, whether fluviatile, 
lacustrine, or marine, are in a majority 
of instances found standing at high angles, 
and not infrequently in an inverted position. 
McKay's detailed observations, knowledge of Central 
Otago stratigraphy and goldfields were unequalled, and 
although faltering in his views:on the origin of the auri-
ferous drifts, his perceptiveness, considering the state of 




Park's (1906, 1908) stratigraphic subdivision 
though lithologically descriptive is similarly influenced 
by paleogeographic concepts. Park's interpretation, viewed 
as a chronological sequence base to top, began with shallow 
quiet water sedimentation with slow deposition (sands, soft 
sandstone and clays with lignite member). Progressive 
coarsening with the infilling of gravels into the lake 
(quartz sands and gravel member) continued until the basin 
was filled up. The new flood level - a great single plain 
extending from one side of the valley to the other (sand-
stone gravel member), succeeded by siliceous cement stones 
(Chinamen or sarsen stones), deposited on the high level 
shoreline of the old lakes (Park, 1906, p.19). The 
stratigraphic position assigned for the latter member is an 
erroneous view not accepted by later workers. McKay (1897, 
p.107) had previously demonstrated the tectonic events 
required to position Chinamen stones now located on existing 
hill-slopes. Park (1906, p.9) was under the illusion that 
deposition occured in pre-existing basins formed prior to 
deposition, and bounded on each side by great faults. 
Cotton (1919, p.70) questioned the concepts advanced 
by Hutton and Park, and, like McKay, believed deposition 
occured prior to Kaikoura deformation over a wide area, 
rather than as isolated accumulations in pre-existing 
depressions. 
Cotton, 1919, p.70. 
The former wide extension of these 
strata over the areas forming the uplands 
and highlands of the present surface is 
proved by the occurrence of numerous 
outliers and sarsen stones. 
However, Cotton queried a wholly lacustrine origin 
for the non-marine strata, cautioning the need to re-examine 
with a fluviatile hypothesis in mind. 
Morgan (1920). challenged Cotton, arguing McKay's 
investigations and his own study at Waikaka (Morgan, 1914), 
and in the St Bathans district, fully considered a fluviatile 
origin before concluding a lacustrine origin for the quartz 
conglomerates and grits. Morgan considered the Maori Bottom 
gravels fluviatile, and of the remaining sequence wrote: 
26 
Morgan, 1920, p.31. 
The green fossiliferous clay of 
the St Bathan's Series, with fresh-water 
"mussels", fish-remains, &c. , is as 
certainly lacustrine, The lignite beds 
with their accompanying dark (carbonaceous) 
and light-coloured clays may perhaps be set 
down as pond or marsh deposits, or the 
question of their origin may be relegated 
to the general problem of the origin of 
coal. 
MacPherson (1933b, p.262) considered elucidation of 
the depositional environment (fluvial or lacustrine), as the 
key to predicting the spatial distribution of economically 
significant gold placer concentrations. From sedimentologic 
evidence he concluded a fluvial origin, the quartz derived 
(p.264), " .•• from a landmass of low relief and laid down 
as a sheet on the flood plains of a large river or rivers." 
A depositional model presented by Pirajno (1977) 
for the evolution of 'elastic formations' in the Ida Valley 
illustrates deposition within a pre-existing fault bounded 
basin, a concept held by Park (1906). This is not compatible 
with sedimentologic characteristics, nor the regional 
stratal correlation determined within this report. 
A further contentious issue relates to the western 
(inland) extent of the Naseby Greensand. This issue is 
important for defining the distribution of the late 
Cretaceous - Tertiary marine shoreline that progressively 
onlapped East Otago, and the areal distribution of the 
associated marine sequence is essential to refine a genetic 
stratigraphy for Central Ot~go. 
Williamson (1939, p.56) extended the distribution 
of Naseby Series greensand beds to include the St Bathans 
district on the basis of an informal description of green-
coloured sands from the St Bathans - Vinegar Hill district, 
tabled in the Appendix to the Journals of the House of 
Representatives (C-3, 1894, p.114). 
Judging from the greensands formation 
which is found in the St Bathans Channel 
Company's ground and that ground in Mr 
Ewing's claim with the quartz drift, or 
what is locally termed "granite wash", .•• 
27 
Glauconitic sand has never been identified from the 
St Bathans district, but Williamson's view has been accepted 
with some reservations by later workers, e.g. Mutch (1963). 
McKay (1897, p.53) records from the Vinegar Hill 
gold claim 11 ••• greenish clay mud, full of small spiral 
shells and vertebrae of fishes.", but is convinced that 
north-west and north of a line drawn from Naseby to Blue 
Spur and Blue Spur to Switzer's" ... the sea does not appear 
to have covered any part of Central Otago, but a vast extent 
of fresh water seems to have occupied the area between Moa 
Flat and the foot of Lake Wanaka, .•• " (McKay, 1897, p.106). 
Further, Ferrar (1927. p.22) categorically states 
the Naseby beds have not been observed west of Naseby" ..• 
the sea had access to what is now the eastern half of the 
Maniototo Plain." This opinion is substantiated by the 
writer's observations. 
Recent paleogeographic interpretations of Manuherikia 
Group based on an actualistic comparative reconstruction of 
ancient and modern environments (Doµglas, 1977b; 1980c; 
Douglas et aZ., 1977) are elaborated upon in this thesis, 
and integrated into a new regional stratigraphic framework 
(Fig. 1. 5) . 
1.4 SUMMARY OF STRATIGRAPHIC UNITS ADOPTED IN THIS STUDY 
The general distribution, relationship and thickness 
of major rock units described in this thesis are shown in 
Figs. 1.4 and 1.5. 
1.41 Manuherikia Group (Series) Hector, 1884 
The primary subdivision of Manuherikia Group sediments 
is twofold. A lower, fluvial, commonly coal-bearing 
succession (Dunstan Formation) is separated from an upper, 
lacustrine succession of typically non-carbonaceous fine 
grained terrigenous sediments (Bannockburn Formation). 
1.411 Dunstan Formation (new). 
The name is derived from Dunstan Mountains, a 




























































































































GENERALIZED STRATIGRAPHIC COLUMN , DEPICTING THE POSITION 
OF POLLEN SAMPLES & THEIR INDICATED AGE RANGE 
POLLEN SAMPLE LOCATION DEPICTED BY SYMBOLS. 
CLOSED CIRCLES: VINEGAR HILL ( FIG. 2.26&7.12) 
OPEN CIRCLES KAWARAU RIVER ( FIG. 7.1 ) 
CLOSED DIAMOND: DL 21, LOWBURN ( APPENDIX 1.2 ) 
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the high country immediately north-west of St Bathans. 
Dunstan Formation consists of fluvial and non-marine deltaic 
sediments, primarily channel fill sands, flood-basin muds and 
swampland carbonaceous muds and coals. 
Six major sediment associations, each representing 
a particular depositional environment are recognized within 
the Dunstan Formation. 
1.411.1 St Bathans Member (new) is defined for sediments of 
a braided fluvial system infilling valleys entrenched into the 
schist and greywacke basement. These sediments are primarily 
white quartz sand and sandy gravel. 
1.411.2 Fiddlers Member (new) represents a fluvial plain 
system dominated by meandering channels and extensive flood-
basins. Light grey muds (of flood-basin origin) are dominant 
and are punctuated by subordinate beds of fine sands (of 
channel fill and crevasse splay origin), carbonaceous muds and 
localized lignite beds. 
1. 411. 3 Blackstone Member (new) incorporates the Blackstone 
deltaic plain system. Fine grained carbonaceous rich 
sediments are dominant, including numerous lignite beds of the 
Johnstone Seam (new). Lowermost, numerous thick lignite beds 
dominate the Lower Blackstone Submember. Carbonaceous clays, 
silts, fine sands and thin lignite beds comprise the Upper 
Blackstone Submember. 
1.411.4 Old Woman Member (new) includes lower and middle 
alluvial plain sediments. Lower Old Woman Submember comprises 
laterally variable lithologies of either coal, gravelly sand or 
sand and mud deposited by an anastomosed fluvial system. Muds 
interbedded with minor sand attributed to muddy flood-plain and 
meandering stream sedimentation dominate the Middle Old Woman 
Submember. A thick coal-bearing succession (the Homestead 
Seam) dominates the Upper Old Woman Submember. 
1.411.5 
sediments. 
Teviot Member (new) consists of Teviot delta plain 
A richly carbonaceous succession dominated by the 
thick McPherson Seam (new) comprises the Lower Teviot Submember. 
Interdistributary bay-fill sediments of black organic rich 
shales, non-carbonaceous clays, silts and fine to medium sands 
31 
dominate the Upper Teviot Submember. 
1. 411. 6 
sediments. 
Kawarau Member (new) represents fluvial lake margin 
Cromwell Submember principally consists of lignite 
and carbonaceous mud (swamp deposits) interbedded with organic 
rich shale, non-carbonaceous mud and fine sand (interdistributary 
bay deposits). Silts and sands (lake beach and overwash 
deposits) interbedded with organic shales, carbonaceous mud and 
lignite (of back-barrier bay and swamp origin) characterize the 
Ewing Submember. 
1.412 Bannockburn Formation (new) consists of lacustrine 
sediments deposited in Lake Manuherikia. These sediments are 
named after the small settlement of Bannockburn 6 km south-west 
of Cromwell. The reference section is exposed in a series of 
gullies west of the Bannockburn Hotel (G.R. F41 079620) towards 
Long Gully. A similar succession of sediments outcrop in the 
banks of the Kawarau River between the main Bannockburn bridge 
and Scotland Point. 
A diverse range of terrigenous sediment associations 
are represented by the Bannockburn Formation, but only the Nevis 
Oil Shale Member and the Lauder Member are referred to in this 
thesis. Bannockburn Formation sediments predominantly consist 
of massive or trough cross-stratified light grey-brownish yellow 
fine-medium sand interbedded with massive bluish grey-dark 
greenish grey mud. Locally, these sediments are interbedded 
with cross-stratified coarse sand and gravelly sand, ripple 
laminated and horizontally laminated mud (including shales). 
,< 
A freshwater fauna including molluscs (Hyridella and gastropods), 
ostracods, oncolites and fish have been recognized. 
1.42 Maori Bottom Group (Series) McKay, 1894. (Synonymous 
with the Maori Bottom Formation of Harrington (1955) and Bishop 
(1974)). Maori Bottom Group typically includes massive bedded 
poorly sorted pale brown to yellowish brown greywacke and schist 
gravel, intercalated with beds of either light grey to bluish 
grey silt, fine-medium sand or mud. 
described further in this thesis. 
These sediments are not 
CHAPTER TWO 
ST BATHANS MEMBER: AN ENTRENCHED BRAIDED RIVER SYSTEM 
"", 2.1 DEFINITION, STRATIGRAPHIC DISTRIBUTION 
AND GENERAL CHARACTERISTICS 
2.2 NOMENCLATURAL CORRELATION TABLE 
2.3 DESCRIPTION OF LITHOFACIES SEQUENCES 
2.4 DEPOSITIONAL ENVIRONMENTS 
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Sluiced gold workings at the former Surface Hill mining field. Photo illustrates 
weathered greywacke (gwke) unconformably overlain by St Bathans Member (SB). 
Sequence A sediments comprise the highwall above Grey Lake. Hawkdun Coal Sector 
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ST BATHANS MEMBER (NEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTERISTICS 
The St Bathans Member is defined for deposits 
primarily of sand and sandy gravel filling valleys entrenched 
into the schist and greywacke basement. 
Only in the St Bathans Survey District (cf. 
Fig. 2.2) are borehole and outcrop data sufficient to 
determine the configuration and internal facies architecture 
of an entrenched valley system. 
Three reference sections are nominated: 
(a) Surface Hill - Muddy Creek G.R. H41 592897, 2km north-
west of St Bathans. cf. Fig. 2.1. 
(b) Vinegar Hill G.R. H41 532573, 5km south-west of St 
Bathans. cf. Fig. 7.12. 
(c) Blue Lake, St Bathans G.R. H41 580886. 
Type locations are allocated in 2.3 for each 
of the nine sequences described. These relate to either 
Surface Hill - Muddy Creek or Vinegar Hill sections. 
Similar entrenched valleys occur in the 
Ripponvale area, possibly in the Ettrick Basin (a 55m 
thick sand and sandy gravel succession overlie schist in 
d2003), and possibly near the Patearoa - Hamilton Diggings 
area in the Maniototo. 
2.11 ST BATHANS PALEOVALLEY 
The configuration of the St Bathans paleovalley 
and the relationship of the St Bathans Member to adjacent and 
overlying strata are displayed in cross-sections - Figs. 2.3, 
4.14, 4.16, 4.17 and 8.2. The external geometry suggests an 
entrenched ribbon shaped valley approximately 12 - 6km wide, 
generally trending east-west cf. Fig. 2.2. The western 
extreme of the valley is terminated by faulting associated with 
uplift of the Dunstan and St Bathans. Ranges. East of d2012 
(cf. Fig. 2.2) borehole spacing and outcrop are insufficient to 
ascertain with certainty the extension and geometry of the 
valley. 
Abandoned sluiced gold workings at Vinegar Hill, 
RESTORED STRATIGRAPHY DEPICTING THE ST BA THANS PALEOVALLEY. 
S.W.-N.E. CROSS-SECTION, CAMBRIANS TO HAWKDUN COAL SECTOR 
S.W. 
LOCATION OF BOREHOLES ARE SHOWN ON FIG.2.2 
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Cambrians, Blue Lake (St Bathans), Surface Hill - Muddy Creek, 
Nicolson Lake and near the confluence of Johnstones Creek with 
Falls Dam, provide cliffed sections suitable for ascertaining 
the geometry and lateral facies variability of the St Bathans 
Member. 
Lithofacies of the St Bathans entrenched valley 
fill are summarized in Table 2.1. 
The architecture of this alluvial suite is of 
particular economic relevance in evaluating the ground water 
reservoir characteristics with regard to assessing the 
feasibility of developing the adjacent Blackstone Coalfield, 
and ascertaining the sedimentological controls of gold 
distribution within the St Bathans Member as it relates to the 
exploration of a potentially significant goldfield. 
2.2 NOMENCLATURAL CORRELATION TABLE 
Table 2.1 St Bathans Member Nomenclatural Correlation 
Description, environmental evaluation, sequence_and stratigraphic 
designation of st Bathans Member lithofacies recorded from the St Bathans Survey 
District. Lithofacies and sequence/subsequence symbols referred to are annotated 
on the detailed stratigraphic columns (Figs. 2.5; 2.7; 2.10 and 2.26) • 
Lithofacies description 
White, quartzose, poorly sorted sandy 
gravel to gravelly sand. Large scale 
trough cross-stratification. 
Represented by a succession <30m thick 
at Grey Lake. 
White - light grey, quartzose, poor:).y 
sorted gravelly sand to very well 
sorted fine sand with medium to small 
scale trough cross-stratification. 
Trough dimensions and grain size may 
decrease upwards in some sets. 
Typically <3.2m thick. 
Light grey, quartzose, very poorly 
sorted - poorly sorted sandy gravels to 
gravelly sands. Massive to 
horizontally stratified, the latter 
indicated by imbricated gravels or 
textural sorting. Wedge to 
lenticular shaped beds. Typically 
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Table 2.1 (continued) 
Lithofacies description 
Light grey, quartzose, poorly sorted 
to moderately sorted gravelly sand-
sand, exhibiting tabular sets of planar 
cross-stratification. Typically < 1. 3m 
thick. 
Very light grey, moderately sorted 
medium sand exhibiting a solitary set 
of planar tabular cross-stratification. 
Distinguished from Lithofacies CRt by 
groups of topset and foreset laminae 
exhibiting variable slopes and a 
distinctive lower planar - convex 
minor contact. < • 3m thick. 
Light grey - dark brown, very poorly 
sorted sandy gravels or gravelly sands, 
commonly incorporating clay cl~sts and 
plant detritus including small 
xylitized logs. Massive or diffusely 
trough cross-stratified. Lowermost 
channel fill lithofacies, located 
immediately above an irregular scoured 
surface. Typically < .3m thick. 
Light grey, quartz rich, poorly sorted 
granular sand to well sorted fine sand. 
Massive to indistinctly stratified. 
Sometimes bound by scoured (channel) 
margins. Typically <3m thick. 
Light grey, fine sand to very fine 
sandy silt, exhibitingsmall scale 
rippleform structures (~f. Fig. 2.14) 
and climbing rippleform laminae. 
Structures are often only subtly 
discernible. Typically . O 2 - • 2m 
thick. 
Dark brown - greyish brown ~rganic rich 
mud laminae or thin beds, intercalated 
with laminae or thin beds of silt or 
very fine sand. Resembles linsen and 
flaser stratification. Locally, 
comminuted carbonaceous detritus 
accentuate ripple form laminae. < 2m 
thick. 
Dark brown - brown silty sand with 
scattered quartz pebbles, burrow 
mottled, and interlayered with thin 
beds of burrowed dark brown clay or 
silty clay, and light grey, very 
poorly sorted coarse - fine sand • 


















































Table 2.1 (continued} 
Lithofacies description 
White, well sorted fine sand with small 
scale trough, horizontal and planar 
stratification ( ·. 04 - .16m thick} ; inter-
layered with mottled greyish brown silt 
- very fine sand (. 02 - . 06m thick) , often 
with rippleform laminae accentuated by 
comminuted plant detritus. Uppermost 
this cyclic succession is interlayered 
with dark greyish brown semi-fissile 
carbonaceous clay laminae or beds up to 
.lm thick. Total succession 1.9m thick. 
Light grey, poorly sorted gravelly sands 
to well sorted sand, typically occurring 
as planar sheet like beds (. 03 - • 25m 
thick), commonly alternating in texture. 
Massi~e to indistinctly horizontally 
stratified and characterized by a planar 
erosive base or slightly irregular 
scoured base. < lm thick. 
Bluish grey to light grey, clay to 
silty clay. Massive, locally bioturbated. 
Few ems - 2. 6m thick. 
Thinly interbedded or interlaminated 
upward fining couplets of light grey very 
fine sandy silt with small scale ripple-
forms grading upward into greyish brown 
clay (cf. Fig. 2.24}. Bioturbated. < lm 
thick. 
Dark grey to black clay shales. 
Homogeneous, or locally with discontinuous 
silty rippleform laminae and plant 
detritus. Typically < lm thick. 
Very dark brown to dark reddish brown 
carbonaceous clay. Plant detritus 
common. Massive to fissile. Typically 
< 2m thick. 
Very dark brown to dark reddish brown 
lignite. Diverse plant composition. Resin 
globules concentrated locally (Lithofacies 
St). 
Beds of high ash lignite sometimes 
interdispersed with very fine sand 
(:i.,ithofacies Sta}. Typically < lm thick. 
Greyish brown, slightly - moderately 
carbonaceous clay. Rootlets rare to 
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Sequence A (major gravelly _sand - sandy gravel filled braided channel), 
dominated by large scale trough cross-stratification, Lithofacies cul. 
Minor sets of tabular planar cross-stratification (CRt), and remnant 
beds of richly carbonaceous mud, Spd (arrowed). Sluiced cliff, Grey 




DESCRIPTION OF LITHOFACIES SEQUENCES 
SEQUENCE A: LARGE SCALE TROUGH CROSS 
STRATIFIED SANDY GRAVEL MAJOR 
CHANNEL 
Type Location: Surface Hill 
G.R. H41 592897 
Sequence A is described from Surface Hill, 
where it is spectacularly exposed (in a succession up to 30m 
thick) r in west and southwest facing cliffs above Grey Lake 
(Fig 2.4). Analogous sediments are exposed·l.5km southwest in 
the cliffs above the northern shoreline at Blue Lake, St Bathans, 
and 5.5km further southwest at Nicholson Lake, near Vinegar Hill. 
Sequence A is dominated by Lithofacies CUl, 
grouped large-scale troughs (pi-cross stratification of Allen, 
1963c), typically measuring 5-8m long and . 6-1. 2m thick. The 
lithology is typically white, quartzose, poorly sorted sandy 
gravel to gravelly sand, ranging to medium sand. Trough cross-
stratified strata are not arranged in any cyclic association, 
and are without bounding margins for the entire 500m long cliff 
section at Surface Hill, except where locally bounded by Litho-
facies Spd, discontinuous thin dark brown carbonaceous mud.or 
sandy mud horizons (<2m thick), or by Lithofacies CRt, discon-
tinuous solitary sets of planar cross-stratification. Eroded 
remnant carbonaceous mud beds (Lithofacies Spd), are in Fig. 2.4. 
'Rip-up' clasts of mud, lignite and wood debris are locally 
incorporated in troughs. Planar cross-stratified beds (Litho-
facies CRt) are less common, occurring as thin (.03-.6m thick), 
discontinuous sandy beds, eroded uppermost by trough cross-
stratified sediments (Lithofacies CUl). 
2.32 SEQUENCE B: SANDY GRAVELS SUCCEEDED BY CYCLIC 
BEDS OF SAND, SILT AND CLAY. 
LONGITUDINAL BAR AND SAND FLAT. 
Type Location: Muddy Creek G.R. H41 
594895 cf.stratigraphic column 
Fig. 2.5 and Figs 2.6 and 2.7. 
To summarize, the basal succession of wedge 
shaped beds (Lithofacies CRl) is characterized by imbricated 
very poorly sorted (quartzose) sandy gravels exhibiting 
indistinct horizontal stratification. Individual sets of Litho-
faciei CRl are separated by thin beds of bioturbated carbonaceous 
gravelly mud and mud (Lithofacies CRlo). Lithofacies CRosq 
41 
FIGURE 2.5 
STRATIGRAPHIC COLUMN & INTERPRETATION OF SEQUENCE B 
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overlies the uppermost .set of Li thofacies CRl. CRosq comprises 
thin cycles of very well sorted quartz sand, alternating with 
carbonaceous silty sands and carbonaceous mud. Gravelly sands 
and sands (Sequence C) ove~lie or are juxtaposed against . ,,, 
Sequence B (Fig. 2.6). 
2.321 Lithofacie~ CRl; Horizontally stratified sandy 
gravel. Longitudinal bar. 
(cf. Fig. 2. 7) 
Overlapping wedge shaped beds (Lithofacies CRl) 
are separated as solitary sets (.45-1.lm thick) by thin beds of 
(Lithofacies CRlo). Individual sets exhibit an overall upward 
fining gradation from very poorly sorted sandy pebble conglomerate 
(grain supported) to fine sandy gravel (partially matrix 
supported) near the top. Imbricated pebbles define a crude 
slightly inclined to horizontal stratification. Laterally, beds 
are obscured, but they persist for at least 6m. 
2.322 Lithofacies CRlo: Thin interbedded clay, silt 
and sandy bar top. 
(cf. Fig. 2.7) 
Lithofacies CRlo occurs as a thin transitional 
lithofacies (.03-.3m thick) interbedded between sets of Litho-
facies CRl. It comprises thin interbeds of widely ranging fine 
grain lithologies. 
(a) Dark brown to brown well sorted, very fine sandy silt -
ve~y fine sand, locally interlayered with quartz pebble 
stringers. Bioturbation or purrows are common. Remnant 
rippleform laminae (cf. Hunter, 1977) are accentuated by 
comminuted plant debris. 
(b) Massive,dark brown (carbonaceous) clay with minor silty 
clay. Burrowed. 
(c) Light grey, very poorly sorted coarse-fine quartz sand, 
typically .0Sm thick. Steeply inclined planar foresets are 
prominent, small scale rippleform laminae occur locally. 
Burrowed. 
2.323 Lithofacies CRosq; Cyclic sand, silt and clay 
'sand flat' succession (1.9m 
thick). Figs 2.8 and 2.9 
Represented by; 
(a) Lowermost,solitary coset (1.25m thick) of alternating cyclic 
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Sequence C; multiple scour and fill structures (Lithofacies Ca), 
composed of channel bodies 'corps de central' attached by 
sub-horizontal wings (ailes d'etalement) overlie and laterally 
truncate juxtaposed sediments of Lithofacies CRosq, Sequence B. 
Muddy Creek G.R. H41 594894. 
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(i) white, well sorted very fine quartz sand, exhibiting 
small scale trough cross~stratification, horizontal 
- • and low angle planar stratification. Bedforms ire 
~ ~ . sometimes defined by comminuted carbonaceous detritus. 







(ii) greyish brown to dark reddish grey silt or silty very 
fine sand beds. These beds may be massive and colour 
mottled in appearance, but are more commonly laminated. 
Rippleform laminae defined by bl~ck comminuted plant 
detritus are finely interlaminated with silty very 
fine sand. Beds are typically .02-.06m thick. 
Uppermost (represented by a succession .67m thick, 
cf . Fig. 2.9), beds of (i) and (ii) are interbedded with 
(iii) .dark greyish brown, homogeneous, semi-fissile, 
carbonaceous clay. This lithology is represented by 
thin 'drapes' (up to .Olm thick) or beds up to .lm 
thick, and commonly colour mottled. 
SEQUENCE C: SANDY SCOUR AND FILL STRUCTURES AND 
IMMEDIATELY ADJACENT MASSIVE-
HORIZONTALLY STRATIFIED BEDS. 
DIS TRIBUTARY CHANNEL, LEVEE - . 
CREVASSE SPLAY 
Type Location: Muddy Creek G.R. H41 
594894 Figs 2.6 and 2.7. 
2.331 Lithofacies Vsq-P: Massive and horizontally 
bedded sands. Levee -
Crevasse splay. Fig. 2.7. 
Lithofacies Vsq-P consists of a coset of sandy 
beds, c. 2m thick. Individual beds (c .. 3-. Sm thick) commonly 
have small scale scour structures, and very poorly sorted 
gravelly sand at the base. Horizontal stratification is dis-
cernible, but generally internal stratification is obscure . 
Lithofacies Vsq-P immediately overlies Lithofacies CRosq, (of 
Sequence B), and laterally appears to wedge with the 'ailes 
d'etalement' or butt against the 'corps de central' of Litho-
facies Ca, Sequence C. 
2.332 Lithofacies Ca: Sandy scour and fill beds. 
Fig. 2.6. 
Lithofacies Ca comprises large scour and (sandy) 
fill structures stacked upon one another. The scoured bases of 
individual channels sharply truncate underlying channel fill 
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Fig. 2.7 
Sequence B, longitudinal bar deposits (overlapping wedge 
shaped sandy gravel beds, Lithofacies CRl, separated by 
thin remnant bar top sediments, Lithofacies CRlo (arrowed)), 
overlain by sand-flat deposits (Lithofacies CRosq, cf. Figs. 
2.8 and 2.9). Sequence C (Lithofacies Vsq-P) sandy levee 
and crevasse splay deposits occur uppennost. Muddy Creek 
near Grey Lake, G.R. H41 594894. 5cm divisions on scale 
(to right of pick). 
Fig. 2.8 (upper right) 
Sequence B, Lithofacies CRosq (lowermost succession, refer 
to 2.323). Shallowly submerged bar top - sand flat 
deposits, comprising cyclic couplets of (i) sandy small 
scale trough cross-stratification, horizontal and low angle 
planar stratification. Bedforms are partially defined by 
comminuted carbona ceous detritus; (ii) thin beds of 
carbonaceous silt or silty very fine sand, massive or thinly 
interlaminated by rippleform comminuted plant detritus and 
silty very fine sand. 5cm divisions on scale. 
Fig. 2.9 (lower right) 
Sequence B, Lithofacies CRosq (uppermost succession, refer 
to 2.323) incorporating low-water vertical accretion deposits 
(i) and (ii) described in Fig. 2.8, and organic rich semi-






















sediments, so that channel dimensions are difficult to 
ascertain (cf. Fig. 2.6). Channel bodies ('corps de central' 
of Bersier, 1958), appear to be 15-25m wide. Subhorizontal 
wings ('ailes d'etalement' of Bersier, 1958), are occasionally 
preserved, adjoining relatively steeply sloping channel sides. 
The internal structure is. not readily discernible due to 
inaccessibility and a supe~ficial weathering crus~. 
The overall architecture of Lithofacies Ca 
displays an en echelon arrangement with adjacent Litho£acies 
CRosq and Vsq-P. Lithofacies CRosq and Vsq-P are laterally 
locally eroded by the 'corps de central' of Lithofacies Ca, 
and partially intertongued (onlapped) by the 'ailes d'etalement' 
of Lithofacies Ca (cf. Fig. 2.6). 
2.34 SEQUENCED: UPWARD FINING GRAVELLY TO SANDY 
'DISTAL' BRAIDED CHANNEL 
Type Location: Muddy Creek G.R. H41 
595892 cf. stratigraphic column 
Fig. 2.10 and Fig. 2.11. 
The succession apportioned to Sequence D 
comprises lowermost to uppermost; 
(a) Lithofacies Cae and CRl: Massive to horizontally 
stratified gravel. 
Basal poorly sorted gravel (.6m thick) incor-
porating intraformational mud clasts, lignite and wood clasts, 
(Lithofacies Cae), scoured the underlying muddy beds (Litho-
facies Swd and Spd) of the previous succession. Very poorly 
sorted quartzose sandy gravels with horizontal stratification 
defined by imbricated pebbles (Lithofacies CRl, 3.4m thick) over-
lie. The upper .8m of this succession fines upward into sandy 
gravel, succeeded by gravelly sand (.57m thick), with horizontal 
stratification emphasized by gravel stringers. 
(b) Lithofacies CRt: Tabular sets of planar cross-stratification. 
Small scale tabular planar cross-stratified sets 
of poorly sorted gravelly sand, .02~.11m thick occur at the base 
of Lithofacies CRt succession. These are overlain by a solitary 
tabular set (.6m th~ck) of gravelly sand with planar foresets 
(Fig. 2.11). Upper boundaries of individual sets are defined 
by reactivation surfaces. 
(c) Lithofacies CUs: Small scale trough cross-stratified sands. 
A lower . grouped coset (2.7m thick) of pi-cross-





from poorly sorted gravelly sand to very well sorted fine sand. 
Troughs are (at least) .3-.45m long. Very small trough forms 
generally diminishing in size upwards typify the uppermost 
cross-stratified sets (.Sm thick) of predominantly white 
well sorted very fine sand. 
(d) Lithofacies FN and Lithofacies Swd: Homogeneous green 
clay to brown 
carbonaceous clay. 
The uppermost .4m of Sequence D comprises a 
vertical accretionary succession. Greenish grey homogeneous 
clay (Lithofacies FN) abruptly overlies CUs and grades upward 
into greyish brown carbonaceous homogeneous clay with rootlets 
(Lithofacies Swd). 
The top of the sequence is truncated by the 
erosional irregular surface of the succeeding sequence. 
2.35 SEQUENCE E: SANDY GRAVEL TO SAND DOMINATED 
BRAIDED CHANNEL 
Type Location: Vinegar Hill G.R. H41 
534870 cf. stratigraphic column Fig. 
2.26 and Figs. 2.12, 2.13 and 2.15. 
Two subsequences (El and E2) comprise Sequence E. 
These subsequences typically occur as 'stacked' cycles, El being 
the dominant cycle recognized in the Vinegar Hill section 
(cf. Fig. 2.26). 
(a) Subsequence El, cycles are variable with regard to the 
medium and fine end lithofacies. A complete El cycle 
comprises Lithofacies CRl, cums, Cpn, en. 
(b) Subsequence E2, is represented by Lithofacies CRl and Cn. 
2.351 Subsequence El: Upward fining, sandy gravel 
to sand. Braided channel, 
cf. Figs. 2.12 and 2.13. 
The predominant lithology, quartzose matrix-
supported sandy gravel (with admixtures of silt and clay) 
comprises the lowermost cyclic unit, Lithofacies CR1. The base 
is erosional and irregular, but without significant relief 
(normally less than .3m). Beds are typically lens shaped, up to 
.6m thick, sometimes continuous in outcrop as a series of 
connected 'lenses', often thinning laterally to stringers of 
pebbles. Thicker beds are persistent in outcrop over tens of 
metres, and sometimes exhibit crude upward fining. Beds are 
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FIGURE 2.10 
STRATIGRAPHIC COLUMN & INTERPRETATION OF SEQUENCE D, 
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Fig. 2 .11 
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Sequence D; upward fining braided channel 
deposits exhibiting (lowermost) Lithofacies 
CRl - longitudinal bar deposits of horizontal 
stratified sandy gravel and gravelly sand; 
Lithofacies CRt - transverse bar of tabular 
planar cross-stratified gravelly sand; 
Lithofacies CUs - small duneforms represented 
by trough cross-stratified structures 
diminishing in size and texture (from 
gravelly sand to fine sand) upwards. Muddy 
Creek G.R. H41 595892. Camera lens cap for 
scale. 
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Fig. 2.12 (above) 
Incomplet e cycles of 
, Subsequence El, 
comprisi ng 'lenses' of 
sandy gr avel 
(Lithofacies CRl), 
dissected by sandy 
(subtly discernible) 
trough c r oss-stratified 
sediments of 
Lithofacies cums. 
Fig. 2.13 (left) 
Complete and incomplete 
cycles of Subsequence 
El incorporating 
irregular 'lenses' of 
sandy gravel 
(Lithofacies CRl); and 
gravelly sands 
(Lithofacies cums); 
fine sandy silt with 
small-scale rippleform 
structur es (Lithofacies 
Cpn); £laser and 
linsen stratified beds 
with abundant 
carbonaceous detritus 
(Li thof acies Cn) 









massive or horizontally stratified. Stratification may be 
diffusely visible, or well defined by pebble imbrication. 
Intraclasts are rare, and carbonaceous detritus. uncommon. In 
rare instances, minor channels (represented by small scour and 
fill structures) deeply diss~ct underlying strata (cf. Fig. 2.26, 
at 17m) . 
Lithofacies CUms, diffuse to well defined 
medium-small scale trough cross-st~atified . (pi-cross-stratified), 
quartzose,poorly sorted gravelly sands and coarse to medium 
sands overlie Lithofacies CRl. Beds of Lithofacies cums are 
.l-.4m thick. Lithofacies cums may be succeeded by thin beds 
(.02~.2m thick) of fine sand to very fine sandy silt exhibiting 
smaller scale bedforms comprising rippleform structures (cf. 
Fig. 2.14). These beds are ascribed to Lithofacies Cpn . 
Occasionally, Lithofacies Cn, linsen stratified 
beds (comprising lenses of rippled silt or very fine sand inter-
laminated with silty clay or clay) are preserved as the upper-
most fine-member of Subsequence El (cf. Fig. 2.14) . 
Bioturbation structures are particularly distinctive in the mud 
dominant lithologies. Beds of Lithofacies Cn are less than 
.15m thick. 
2.352 Subsequence E2: Sandy gravel (dominant) and 
fine sandy mud sediments: 
Incomplete braid channel 
succession. cf. Fig. 2.15. 
Composed of simple, crudely upward fining 
cycles, separated by cycles of Subsequence El. The basal 
coarse member unit, Lithofacies CRl (described in 2.351), is 
sharply overlain by thin beds of (predominantly linsen 
stratified) Lithofacies Cn (described in 2.351). 
Preserved cycles are variable in thickness 
(.06-.76m). 
Subsequence E2 is represented by only 9 of 
the recorded cycles in the Vinegar Hill stratigraphic column 
(Fig. 2.26). 






exhibiting very fine 
sandy silt current 
ripples, overlain by 
Lithofacies Cn with 
discontinuous 
carbonaceous rich mud 
layers interlaminated 
with rippled silts. 
Vinegar Hi 11. 
Fig. 2.15 (left) 






















SEQUENCE F: SCOUR AND FILL STRUCTURES, WITH 
UPWARD FINING SANDY GRAVEL TO MUD 
SUCCESSION: ACTIVE BRAIDED CHANNEL 
TO ABANDONED CHANNEL 
Type Location: Vinegar Hill G.R. H41 
534870 cf. stratigraphic column 
Fig. 2.26 and Figs 2.16, 2.17 
and 2.18. 
A complex sequence comprising complete and 
incomplete cycles, with a diverse arrangement of lithofacies, 
particularly of the finer grained lithofacies. Cycles vary 
from .35 to approximately 3m in thickness. 
The base of each cycle is distinguished by an 
erosional surface associated with Lithofacies Cae and/or CRl. 
Lowermost, Lithofacies Gae features a pronounced irregular 
scour surface with observed relief up to lm. Infilling 
sediments are massive or diffusely trough cross-stratified, 
very poorly sorted, matrix supported sandy gravels or gravelly 
sands. Clay intraclasts are common, often abundant, usually 
subrounded, of variable size (up to .2 x lm), and frequently 
interspersed with carbonaceous clasts and comminuted plant 
detritus. 
Lithofacies CR1 has textures and structures 
similar to Lithofacies CRl in Sequence E. Quartzose matrix 
supported sandy gravels predominate, usually coarser, more 
poorly sorted at the base, and sometimes fining uppermost. 
Diffuse to pronounced horizontal or low-angle horizontal strati-
fication may occur throughout the unit, or overlie massive 
sediments. Rarely, beds are entirely massive . 
· Overlying Lithofacies Cae and CRl, medium to 
very coarse sand (occasionally sandy gravel) beds (.05-.6m thick) 
occur. These predominantly comprise Lithofacies CUms, which 
exhibits solitary or grouped sets of trough cross-stratification, 
but infrequently discontinuous solitary sets of tabular planar 
beds ascribed to Lithofacies CRt occur. Grain size may 
decrease upwards, concomitant with a decrease in the amplitude 
of trough bedforms (cf. fig. 2.26, 40.6-41.3m). This upward 
fining succession of lithofacies are sometimes overlain by 
finer grained vertical accretion deposits of Lithofacies Cn. 
The preservation potential of Lithofacies Cn is 
low. Lateral continuity and thickness is variable, but they 
Fig. 2.16 
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Sequence F; upward fining, active to 
abandoned channel succession. Clay 
clasts abound in channel lag sand 
(Lithofacies Cae), immediately above 
(basal) channel scour contact. Fine 
sandy sediments with subtly definable 
trough cross-stratification (Lithofacies 
cums) are penetrated by roots descending 
from carbonaceous rich clay (Lithofacies 
Spd) that 'plugs' the abandoned channel . 




J... Fig. 2.17 
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Active and abandoned channel phases, 
Sequence F. Gravelly sandy channel lag 
deposits with abundant clay clasts 
(Lithofacies Cae) and erosional basal 
contact, abruptly overlie gravelly sands 
(Lithofacies CRl), and Lithofacies Cn of 
previous cycles. Uppermost dune troughs 
of Lithofacies cums, infilled by laminated 
clayey silt and silt (Lithofacies Cn), 
demarcate sudden abandonment of active 
channel flow. Vinegar Hill. 
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Fig. 2.18 (above) 
Abandoned channel-fill 
sediments of Sequence F 
(adjacent to scale rod), 
comprising fine grained 





Fig. 2.19 (left) 
Close up of abandoned 
channel-fill sediments 
(Lithofacies en, 
Sequence F) illustrated 
in Fig. 2.18 and 
referred to in 2.36. 
Includes: 
(a) linsen stratification, 
thin beds and laminae of 
mud interlaminated with 
discontinuous silt and 
very fine sand laminae; 
(b) climbing rippleform 
laminae accentuated by 
comminuted carbonaceous 
detritus; 
(c) flaser stratified beds 
comprising silty small 
scale rippleform 
structures draped by fine 







typically occur as thin discontinuous (eroded) beds (Fig. 2.17), 
though in one example (cf. Fig. 2.18) Lithofacies Cn occurs 
as a 2m thick unit in the uppermost part of a large scour and 
fill structure. In this example, internal stratification 
mirrors the trace of the bounding scour margin. 
(a) 
(b) 
Lithofacies Cn includes: 
Thin beds of greyish brown to dark brown mud, and slightly 
organic clay laminae,alternating with finer parallel to 
slightly undulating often discontinuous laminations of 
silt or very fine sand (cf. Figs 2.17 and 2.19). 
Silty beds with climbing-rippleform laminae, sometimes 
interbedded with thin beds of fine sandy silt-silt often 
with low amplitude rippleform laminae. Comminuted 
carbonaceous detritus accentuates laminations (cf. Figs 2.19 
and 2. 2 0) . 
(c) Flaser stratified units (of rippleform laminated fine sand-
coarse silt, draped with richly carbonaceous mud-clay), which 
form beds up to .3m thick. Locally, continuity of the 
carbonaceous clay drapes are completely disrupted by water 
escape and bioturbation structures (cf. Fig. 2.20), 
exhibiting features similar to bifurcated wavy £laser 
bedding. 
Rarely, thin (up to .OSm thick) homogeneous 
carbonaceous mud beds (Lithofacies Spd), sometimes overlain by 
high ash ligniferous beds (Lithofacies Sto) occur, always as the 
uppermost sediments of the cycle. Rootlets may penetrate down 
from Lithofacies Spd and Sto into the underlying lithofacies 
(cf. Fig. 2.16). 
Primary morphologic contrasts between Sequences 
E and Fare: 
(a) Pronounced i~cised channel form of Lithofacies Cae, 
Sequence F, in con; trast to the shallow (almost flat) 
irregular channel floor relief of Sequence E. 
(b) Abundance of clay intraclasts in Sequence F, negligible in 
Sequence E. 
(c) Sediments of Sequence E are coarser overall, dominated by 
sandy_ gravel units of Litho£acies CRl. Coarse-fine sandy 
Lithofacies (.Cae, cums) dominate Sequence F cycles. 
Fig~ 2. 20 
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Abandoned channel fill sediments, 
Lithofacies Cn, Sequence F, exhibiting: 
(a) silty climbing rippleform structures; 
(b) intermixed flaser and linsen 
stratification; 
(c) silty sand with 'wavy' carbonaceous 
clay drapes disrupted by soft 
sediment deformation. 











(d) Muddy deposits (Lithofacies Cn) common to Sequence F, 
are absent or minor units of Sequence E cycles. 
le) Cycles of Sequence Fare usually substantially thicker, 
typically between .6-l.2m, compared with cycle thicknesses 
typically .2-.9m in Sequence E. 
2.37 SEQUENCE G: PLANAR AND TROUGH CROSS-STRATIFIED 
SANDS. BRAIDED CHANNEL 
Type Location: Vinegar Hill G.R. H41 
534870 cf. stratigraphic column 
Fig. 2.26 and -Figs 2.21 and 2.22. 
Description is based on one 2.7m thick sequence 
exposed at Vinegar Hill (cf. Fig. 2.21). Very light grey sands 
dominated by Lithofacies cum and CUs are arranged into four 
genetically related sedimentation phases, each separated by 
erosive boundary surfaces. 
The lowermost phase, 1.2m thick, contains subtly 
defined medium scale trough cross-stratification (Lithofacies 
CUm), and overlies an irregular base of pebbly cobbly gravel. 
Uppermost, troughs are locally disrupted by solitary thin 
(.05m thick) discontinuous eroded tabular sets of planar cross-
stratification (Lithofacies CRt). 
Phase two is represented by Lithofacies CRtc 
(cf. Fig. 2.22) and comprises a composite compound barform 
(defined by Allen, 1983, p.260-262) which has a distinctive 
lower planar-convex minor contact (cf. Allen, 1983, p.253) . 
Variation in the slope of foreset laminae is interpreted to 
define a minor erosional event caused by the incremental 
advance of successive foresets overlapping the previous 
foreset form. 
The third phase comprises small scale trough 
cross-stratified sands (Lithofacies CUs), .4-.Sm thick . 
A large scale wedge shaped planar cross-
stratified bed (Lithofacies CRt) (.4-l.3m thick) comprises the 
uppermost (fourth) phase (Fig. 2.21). Exposed in dip section, 
and featuring a steeply sloping lower erosional surface, the 
sediments of Lithofacies CRt initially migrated across Litho-
facies CUs and then plunged downwards truncating beds of 
Lithofacies CUs. Foreset laminae are gently inclined in the 
thinner (shallower) upstream position, but dip steeply in the 
Fig. 2. 21 
Fig. 2.22 
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Sequence G, sandy bar dominated braided channel. 
Bar and d une related units (phase 1-4 indicated). 
Subsequenc e Hl, levee-crevasse splay sediments overlie 
(above hammer). Vinegar Hill. Enlargement of phase 
2 depicted in Fig . 2.22. 
Composite-compound bar with planar-convex minor contact 
(arrowed). Sequence G, Lithofacies CRtc, phase 2 as 
depicted in Fig. 2.21. This barform dips gently 










thicker (deeper) downstream scoured position. 
2.38 SEQUENCE H: INTERBEDDED GRAVELLY SAND AND 
SANDY SILT. CH~NEL - LEVEE -
SPLAY SUCCESSION 
Type Location: Vinegar Hill G.R. H41 
534870 cf. stratigraphic column 
Fig. 2.26 and Fig. 2.23. 
A distinctive succession (2.7m thick), recognized 
only from the uppermost sequence of the St Bathans Member at 
Vinegar Hill, of fine sandy silt interbedd~d with gravelly sands 
(Subsequence Hl), and thin parallel beds of gravelly sands 
(Subs~quence H2). The latter are locally interrupted by 
indistinctly cross-stratified gravelly sands (Subsequence H3). 
2.381 Subsequence Hl: Fine sandy silt interbedded 
with gravelly sand. Levee -
splay succession. (Fig. 2.23) 
Subsequence Hl consists of planar sheet-like 
alternating beds 0£ poorly sorted gravelly sands and white, well 
sorted fine sandy coarse silt, indistinctly horizontally strati-
fied. These beds are ascribed to Lithofacies Vsq-P, and 
typically are .03-.23m thick. The gravelly sands typically have 
a planar or irregularly scoured erosive base, and sharp non-
gradational upper contact. Subtle upward fining grading occurs 
in some gravelly sand beds, but grading from gravelly sand to 
silt was observed once only. 
2.382 Subsequence H2: Gravelly coarse sand interbedded 
with coarse sand. Levee -
splay succession . 
Represented by a .7m thick succession of 
alternating .03-.07m thick beds of light grey to white quartz 
rich, grain supported granular very coarse sand, and very coarse 
sand. These beds are ascribed to Lithofacies Vsq-P. They 
appear homogeneous, and the textural change between beds is 
abrupt and apparently planar. 
2.383 Subsequence H3: Cross-stratified gravelly sand. 
Active channel. 
Sediments of Subsequence H3 are entirely 
ascribed to Lithofacies Ca. They are light grey, quartz 
dominant, . grain supported poorly sorted granular sand to well 




Subsequence Hl; inferred levee 
deposits (Lithofacies Vsq-P), 
exhibiting alternating beds of 
crevasse splay gravelly sands and 
well sorted fine sandy coarse silt. 
Note the planar erosive base of the 
gravelly sand beds. Refer to 2.381 









medium scale planar and trough cross-stratified bedforms 
predominate, with minor indistinctly stratified to homogeneous 
sediments. 
2.39 SEQUENCE I: MUDDY OVERBANK TO FLOOD-BASIN 
SUCCESSION, LOCALLY INTERCALATED 
WITH MINOR SILT OR VERY FINE SAND 
Type Location: Vinegar Hill G.R. H41 
535868 cf. stratigraphic column 
Fig. 2.26 and Fig. 2.24. 
This sequence is poorly exposed, but 
volumetrically would appear to represent a minor lithology. 
Two distinctive lithofacies are recognized. 
(a) Lithofacies FN: Muddy flood-basin. 
Bluish grey to light grey, clay to silty clay, 
characteristically homogeneous, although locall½ bioturbation 
traces are extensive. Stratification is absent or indistinct 
(lenticu.lar 'burrowed' silt laminae occur locally) • Li tho-
facies FN is more predominant, and thicker (up to 2.6m), in 
the lower part of the Vinegar Hill section, where it is also 
more laterally persistent than stratigraphically higher in the 
section. Insitu rootlets are locally prevalent where Litho-
facies FN grades into muddy carbonaceous beds (Lithofacies Spd 
or Swd) . 
(b) Lithofacies FN-P: Thinly interbedded or 
interlaminated silts and 
clays, commonly bio-
turbated. Crevasse splay, 
flood-basin fill. 
Fig. 2.24. 
Characteristically this lithofacies is repre-
sented by greyish brown muddy beds (typically less than lm 
thick), that are extensively bioturbated. 
Thinly bedded or laminated upward fining couplets 
of light grey very fine sandy silt with small scale rippleforms 
grading upward into greyish brown clay are preserved locally 
(cf. Fig. 2.24). 
2.310 SEQUENCE J; ORGANIC CLAY RICH POORLY DRAINED 
INTERDISTRIBUTARY BASIN/BAY; MUDDY 
RICHLY CARBONACEOUS POORLY DRAINED 
SWAMP; LIGNITE (PEAT) FORMING SWAMP 
Type Location; Vinegar Hill G.R. H41 
534870 . 
Fig. 2. 2 4 
Fig. 2.25 
Graded thin beds or laminae, Lithofacies FN-P, 
Sequence I (crevasse splay flood-basin 
sedimentati on), Vinegar Hill. Couplets comprise 
basal sandy silt-silt showing sharp lower contact 
(partially deformed), and indistinct rippleform 
lamination fining upward into burrowed clay layers. 
Leaf litter on bedding surface, Lithofacies Spd, 
Sequence J (poorly drained swamp sediments). 
Surface Hi ll gold wo rkings. Surface Hill, G.R. 
H41 590899. N.Z. fossil record no. H41/f39. 
,I.,, 
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An association of lithofacies (IBpd, Spd, St 
and Sto) rich in organic material, that may occur interbedded 
or separately, are commonly laterally discontinuous, and often 
have sharp eroded upper contacts. Bed thickness typically 
varies from a few centimetres to 2m. 
(a) Lithofacies IBpd; dark grey to black clay shales, commonly 
homogeneous, with·burrow structures, and locally with silty 
discontinuous rippleform laminae and plant (generally leaf) 
material. 
(b) Lithofacies Spd; very dark brown to dark reddish brown 
carbonaceous clay, often with leaves (sometimes up to 90 
percent leaf material e.g. Fi9. 2.25), and particulate 
plant material. Lithofacies Spd sometimes grades into 
Lithofacies St and Sto. 
(c) Lithofacies St and Sto; very dark brown to dark reddish 
brown lignite, representing a diverse plant (leaf to 
xylite) composition. Lithofacies Sto is interdispersed 
with mud to sand size grains. 
2.4 
2.41 
DEPOSITIONAL ENVIRONMENTS: INTERPRETATIVE ANAL YSE.S OF 
LITHOFACIES SEQUENCES 
SEQUENCE A: MAJOR BRAID CHANNEL (Fig. 2.4) 
The predominant bedforms represented by 
Sequence A (Fig. 2.4) resemble features from major channels 
carrying large quantities of bedload. Available fluvial facies 
models do not adequately resemble the depositional pattern 
described for Sequence A, and few detailed sedimentologic 
studies of modern large rivers are available to use as analogues. 
Large scale trough cross-stratification of Litho-
facies CUl is a diagnostic bedform feature of sinuous crested 
dunes. Modern fluvial analogues are documented from channels 
where dune bedforms are preserved by rapid sedimentation during 
high to falling flood stage discharge (Coleman, 1969; Cant and 
Walker, 1978; Walker, 1979). Miall (1977a) records large scale 
cross-stratified sets originating from deposition following 
catastrophic dam failures. 
Thick cosets almost entirely. of large scale 
trough cross-stratification have not previously been interpreted 
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from ancient fluvial successions. In the Hawkesbury Sandstone, 
Sydney Basin, thick sets of large to medium scale planar and 
trough cross-stratification indicative of straight-crested 
and lunate sandwaves respectively, have been documented by 
Conaghan and Jones (1975), and attributed to flood or high-
stage and falling-stage a9gradation within braid channels. 
McCabe (1977) described medium scale trough cross-stratified 
cosets (sets range in thickness between 0.1 and 3m), attributed 
to bedforms with curved crestlines or scou~ infills overlying 
the shallower parts of major river channels (up to 40m deep 
and comprising giant cross-stratified sets), from the Carbon-
iferous Kinderscoutian delta, northern England. 
Sequence A sediments have only minimal evidence 
of low water sedimentation events - only minor remnant beds of 
carbonaceous mud (Lithofacies Spd) occur. Planar cross-
stratified sands (Lithofacies CRt) are uncommon, and this may 
be significant, indicating a lack of shallow water mid-channel 
foreset bars. 
Miall (1980, p.72) suggests that large scale 
cross-stratification similar to that produced by sand wav~s in 
the Brahmaputra (as described by Coleman (1969), and discussed 
in 2.411.3), may indicate the presence of a deep channel. 
2.411 Assessment of channel analogues for Sequence A. 
Two possible mechanisms are examined to ascertain 
the depositional regime in which a thick succession of trough 
cross-stratified beds might accumulate within a fluvial channel 
system; 
(a) Aggradation by vertical accretion. 
(b) Erosion during degradation and destruction phases. 
2.411.1 Aggradation by vertical accretion within a dune 
dominated, stable (low sinuosity) channel. Two distinct, 
vertically accreting channel types are considered. 
2.411.11 Anastomosing channeZs 1 as defined by Schumm 
(1968), and clearly described by Smith (1983), are characterized 
1 'd Brai ed and anastomosed channels have previously been regarded 
as synonymous, but the present usage of anastomosed channels 
refers to a fluvial style very different from the braided river 
pattern described in the American Geological Institute Glossary 
of Geology (1973). 
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by gravel and coarse sand bedloads, a rapid rate 0£ vertical 
accretion and a slow rate of channel migration. These are 
stable, interconnected, low sinuosity channels, surrounded by 
extensive wetlands. Most descriptions 0£ modern and ancient 
anastomosing channel sequences lack the necessary sedimentologic 
detail for comparison with Sequence A. However, the overall 
architecture of St Bathans Member lithofacies (particularly the 
absence of extensive wetlands), does not compare favourably with 
an anastomosing system. 
2.411.12 Delta channels. The similarity of the ana-
stomosed channel to a delta distributary channel has been 
described by Smith and Putnam (1980). Coleman (1976) records 
major distributary channels ranging in size up to 1km wide from 
the Mississippi lower delta that do not show a tendency to 
migrate laterally. 
2.411.2 Erosion during degradation and destruction phases. 
If lateral migration of major channels is an 
inherent character of stream evolution as proposed by Allen 
(1970, 1983, p.289), then the absence of cyclothem development 
in Sequence A may be a degradational feature, resulting from the 
erosion of smaller scale structures deposited during low water 
levels. Cant and Walker (1978, p.634) observed that braid 
channels aggrading in one reach may simultaneously degrade in a 
nearby reach. They record complete destruction of sand-flats 
and bars by the lateral migration of major braid channels. 
Localized thin discontinuous muddy carbonaceous beds (Lithofacies 
Spd), bounded uppermost by erosive surfaces illustrate (this 
point for) the apparent 'non-cyclic' appearance of Sequence A. 
2.411.3 Majo~ channel within a braided river system, 
(preferred origin for Sequence A). 
Sedimentation in major braided rivers is.at times 
controiled by the mechanisms outlined in 2.411.1 and 2.411.2. 
Sinuous crested dunes are a dominant bedform of 
major sand and gravel braided channels. Trenches excavated into 
modern dune deposits within braided channel fills show trough 
cross-stratification similar to Sequence A. 
Braided rivers are characterized by high sediment 
loads during flood stage. High rates of aggradation are 
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therefore a characteristic £eature. For example, Cant (1978) 
observed between 0.5-1.0m of sediment deposited in a major 
channel of the braided South Saskatchewan River by migrating 
dunes during a single flood event. Thick deposits with trough 
cross-stratification (similar to Sequence A) could conceivably 
accumulate if the main channel remained in a relatively 'fixed' 
position. Braided channels are generally regarded as highly 
unstable, often characterized by inactive tracts. However, 
Church and Gilbert (1975, p.70) have observed that the main 
channel of a braided system may remain relatively stable over 
a number of years, and shift much more slowly than individual 
branches. 
A modern probable analogue to Sequence A, that 
produces a thick homogeneous trough cross-stratified sequence 
has been described by Coleman (1969, p.211) from the braided 
Brahmaputra River system. Coleman records the vertical accumu-
lation of large-scale cross-stratified sands up to 12-15m thick, 
which he attributes to one episode of deposition by migrating 
sand dunes during a single flood cycle. Rapid sedimentation due 
to the inability of the current to transport a high concentration 
of sediment is responsible for preserving the internal structure 
of migrating bedforms. In the Brahrnaputra,rapid migration of 
the thalweg (during the falling stage) ensures preservation of 
a high percentage of these units (Coleman, 1969, p.208). 
The paucity of mud and silt beds within Sequence 
A and adjacent facies (as ascertained from the local fluvial 




SEQUENCE B: LONGITUDINAL BAR, BAR TOP TO SAND 
FLAT SUCCESSION (Fig. 2.5) 
Lithofacies CRl: Longitudinal Bar. Fig. 2.7. 
Bed configuration, stratigraphic relationship 
and texture of Lithofacies CRl are similar to longitudinal bars 
in fluvial channels. Beds of massive appearance, or with 
horizontal and low angle parallel stratification and coarse, 
poorly sorted admixtures of gravel and sand including pebble 
imbrication, have been described from longitudinal bars in braided 
river systems (Smith,.1970, p.2995; 1974, p.221; Rust, 1972; 
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Hein and Walker, 1977, p.569; and Walker, 1979, p.15), and are 
more fully discussed in 2.45. Longitudinal bar deposits differ 
markedly from other channel related bar deposits (transverse 
bar, point bar and side bars), both in texture and bed£orm 
characteristics. 
Low angle stratification observable in Litho-
facies CRl (Fig. 2.7), is common to gravel barforms of the 
braided upper Kicking Horse River where it is formed by 
migration of bars with low channel-ward-dipping slopes (Smith, 
1974, p.221). Similarly Rust (1972, p.243) reports from the 
Donjek River longitudinal barform gravel beds with dips up to 
about 3°. Smith (1974, p.219) reported upward fining textures 
(similar to Lithofacies CRl) in longitudinal bars. Grain size 
decreases from channel to bar top on channel-ward-dipping margins 
due to the lateral migration of the lower bar slope. Vertical 
deposition during waning discharges also produces upward fining 
in longitudinal bars (Smith, 1974, p.219). 
Fig. 2.7 illustrates overlapping beds of Litho-
facies CRl, indicative of bar growth partially by lateral 
accretion. (Where discharge is sufficiently high, the bar may 
grow downstream faster than it aggrades (Hein and Walker, 1977, 
p.569). 
Longitudinal bars are attributed to aggradation 
of bedload sediment during falling flood stage. The subtle 
upward fining couplets of Lithofacies CRl overlain by bar top 
sediments Lithofacies CRlo attest to diminishing flow perhaps 
due to waning flood conditions or lateral shifting of the channel. 
Together, Lithofacies CRl and CRlo comprise a 'complete' bar unit. 
2.422 Lithofacies CRlo: Bar top. Fig. 2.7. 
Lithofacies CRlo represents a thin vertical 
accretion succession deposited on stable or near stable bar tops 
during intervals 0£ reduced channel £low. Mud and organic 
material were deposited probably during falling water stages. 
Gravel 'stringers', thin sand and silt beds with ripple and small 
dune bedforms (often burrowed), represent low-water accretion 
deposits on the bar top. 
Numerous modern analogues are found in modern 
braided river systems, where channel bars and islands are common, 
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often shallowly submerged or temporarily stabilized by vege-
tation. 
2.423 Lithofacies CRosq: Shallowly submerged sand 
flat. 
Figs 2.8 and 2.9. 
Lithofacies CRosq represents a relatively thick 
'sand flat' succession, composed of vertical accretion cycles 
that accumulated on the shallowest uppermost barform figured 
for Lithofacies CRl, Sequence B (Fig. 2.7). This succession 
differs from the incompletely developed (and partially eroded) 
bar top sediments represented by Lithofacies CRlo. Uninhibited 
by further bar migration and_growth, a thick succession of pre-
dominantly upward fining cyclic couplets accreted on the bar 
top surface (cf. Figs 2.8 and 2.9). 
Cycle variation developed in response to current 
fluctuations while the bar top was shallowly submerged. At 
the base of most cycles, comparatively coarse sediment (typically 
well sorted fine sand) with horizontal stratification, ripple 
and small-scale trougn cross-stratified (dune) bedforms 
(cf. Fig. 2.8) indicate bed-load sand transport. Overlying, 
smaller scale structures in finer sediment, partic.ularly ripple-
form lamination (cf. Figs 2.8 and 2.9), reflect a decrease in 
current flow. Clay beds (cf. Fig. 2.9) accumulated from fine 
suspended sediment, in ponded (possibly elevated) slack water 
areas of the sand flat. 
Sedimentation units represented by Lithofacies 
CRosg are similar to low-water accretion deposits described by 
Miall (1977b, p.36) in braided river systems, particular_:l.y from 
bar surfaces. Rust (1972) and Smith (1974, p.220) describe 
similar facies of coarse to fine couplets (Smiths' 'laminated 
silt' facies, and 'rippled sand and silt' .facies), deposited on 
bar surfaces during reduced discharges from the braided Donjek 
River and upper Kicking Horse River respectively. Sand flats 
(of bar origin) from the South Saskatchewan River described by 
Cant (l978, p.631) are 9overed at low-water stages by small 
dunes, sand waves, and ripples which deposit a veneer of small 
cross-stratified sets and ripple laminations. 
The preservation potential for sand flat 
sediments in a braided river system is low. Presumably the 
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thick succession represented by Lithofacies CRosq remained 
because succeeding beds (Lithofacies P, Sequence C) record a 
crevasse splay environment somewhat remote of vigorous channel 
currents. 
Similar vertical accretion deposits have been 
described from: 
(a) Subaqueous natural levee ridges bordering Mississippi 
River delta channels (Coleman, 1976, p.33). 
(b) Crevasse splay-levee complexes. 
2.43 
2.431 
SEQUENCE C: DISTRIBUTARY CHANNELS AND ADJACENT 
CREVASSE SPLAY DEPOSITS. 
Fig. 2.6. 
Lithofacies P: Crevasse splay. Fig. 2.7. 
Lithofacies P consists of a series of sandy 
beds with flat or shallow scoured lower surfaces and horizontal 
stratification. Their lateral relationship with channel scour 
and fill structures (cf. 2.332 and Fig. 2.6) suggests these 
beds are overbank splay sheets,constructed from sediment that 
overtopped or breached channels. Horizontal stratified sand 
has been observed in the braided Lower Platte River (Smith, 
1971) where it is produced by the migration of low amplitude 
sand waves in shallow water. Laterally, distal of the 'corps 
de central', individual sand beds appear to intertongue with 
finer-grained bar-top sediments of Lithofacies CRosq, forming 
the well sorted sand beds. 
2.432 Lithofacies Ca: Small scale distributary 
channels. Fig. 2.6. 
Scour morphology and dimensions are indicative 
of aggrading, comparatively narrow distributary channels. 
Fig. 2.6 illustrates channels within channel forms, locally 
eroding sand flat. deposits (Lithofacies CRosq) and crevasse 
splay deposits (Lithofacies P), a common characteristic recorded 
from modern laterally migrating braid channels (e.g. Cant and 
Walker, 1978,. p.634). 
The sandy sediment fill of these channels 
contrasts markedly with the sandy gravel sediment fill in the 
major broad channel. determined for Sequence A (Fig. 2. 4) • The 
relationship between sediment size, channel morphology and 
size has similarly been observed in modern braid channels 




SEQUENCED: 'DISTAL' BRAIDED CHANNEL 
Figs 2.10, 2.11 and 2.29. 
Massiv~coarse sediments at the base of the 
sequence (Lithofacies Cae) represent channel floor 'lag' 
sediments. Rip-up clasts of flood-plain sediments were 
incorporated in the stream load as the channel shifted over 
lqcalized fine grained flood-plain areas where Lithofacies FN 
and Swd accumulated. The succession represented by Lithofacies 
CRl is consistent with sedimentation featu~es postulated for 
longitudinal bar evolvement in braided channels at peak to 
falling flood stages (cf. 2.421 and 2.45). The overlying 
tabular bed of gravelly sand with planar foresets (Lithofacies 
CRt) records the downstream migration of a transverse bar. 
Small scale trough cross-stratified sands (Lithofacies CUs), 
above Lithofacies CRt, represent small dunes that migrated 
during low-stage flow either on the shallow bar top, or on the 
floor of the shallowing (progressively infilling) channel. A 
similar bedform relationship to Lithofacies CRt and CUs has 
been described by Smith (1970, p.2999; 1971, p.3410) from the 
braided Platte River system. There, small scale dunes on 
traverse bar tops transport sediment to bar margins. Bedload 
transportation of sand as migrating dunes persisted without 
interruption, progressively aggrading the channel base. 
Abandonment of 'active' in-channel sedimentation occurred at the 
transition from Lithofacies CUs to Lithofacies FN. Vertical 
accretionary deposits of fine grained sediments accumulated in 
flood-basin (Lithofacies FN), and well drained swamp (Lithofacies 
Swd) environments. 
Profile characteristics of Sequence D can be 
related to other upward fining cyclic sequences documented from 
modern and ancient braided rivers. It is similar to the 
composite profile model described by Cant and Walker (1976) from 
the Devonian Battery Point Sandstone, Quebec, which is attributed 
to a braided stream origin (cf. Fig. 2.27). This model is 
dominated by an in-channel aggradational facies, capped by a thin 
vertical accretion sequence. The significant difference between 
Sequence D and the Battery Point Sandstone model pertains to the 
in-channel morphology during high energy flow conditions. Dunes 
rather than longitudinal bars were the dominant bedform under 
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Vertical profile models for braided river deposits 
erected by Miall (1977b, 1978). Arrows indicate small-scale 
cyclic sequences. Proximal to distal braided river deposits 
are represented by these profiles. Scott type represents 
gravel-dominated proximal braided stream deposits. Donjek 
type contains cyclic deposits from distal gravelly streams. 








Reconstructed distal braided channel depicting the development of 
lateral accretion bedding as deduced from St Bathans Member Sequence D 
bedforms ( cf. stratigraphic column Fig. 2.10 ). 
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these conditions in the Battery.Point model. Other sedimen-
tation units are comparatively consistent in character and 
relative thickness. 
Cant (1978), and Cant and Walker (1978) 
illustrate the applicability of the sandy braided South 
Saskatchewan River upward fining cycles as a modern analogue 
of the Battery Poi~t model. Miall (1978) proposed that the 
distinctive sand dominated cycles of the South Saskatchewan 
River constitute the basis for the "South Saskatchewan type" 
model, contrasting with the similar, but gravel-dominated upward 
fining cycles of the "Donjek 11 model (Miall, 1977a, 1977b). 
Sequence D encompasses features of both the idealized cycles 
of the "Donjek type" and the "South Saskatchewan type", and 
probably represents a transitional sequence between these two 
"type" profiles (cf. Fig. 2.28). Facies Gm (Miall, 1977b), 
analogous to Lithofacies CRl, is a minor component of the 
South Saskatchewan model, and is more nearly represented 
proportionally by the Donjek model. However, texturally Facies 
Gm gravels at least from the Donjek River, are considerably 
coarser (cf. Williams and Rust, 1969) than the equivalent. 
deposits in Sequence D. Assuming a decreasing gravel/sand 
ratio reflects a downstream gradation from proximal to distal 
sequences as suggested for some braided river deposits of Scott, 
Donjek and South Saskatchewan types (Fig. 2.28) by Miall (1978, 
p.602), then Sequence Din this spectrum would represent a near-
distal braided deposit, punctuated by high discharge flood events. 
The bedforms in the lower part of Sequence D 
(i.e. in Lithofacies Cae and CRl) were deposited during high 
discharge (flood) events. Bedforms from the upper part of the 
sequence (i.e. in Lithofacies CUs) are indicative of less active, 
decreasing flow events and shallower water depths. The pre-
dominant 'braided' aspect of the sequence is represented by the 
transverse (cross-channel) bar (Lithofacies CRt). 
The restriction of flood stage deposits to the 
lower part of Sequence D (i.e. to the deeper portion of the 
channel) suggests that lateral channel aggradation was a 
significant component of channel evolvernent (cf. reconstructed 
model for the development of Sequence D, Fig. 2.-29). Lateral 
channel aggradation of similar low-sinuosity braided river 
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sequences has been inferred by Cant and Walker (1978, p.646) 
from the Battery Point model and from the South Saskatchewan 
River sequences, and not ignored as Allen (1983, p.287) would 
imply. Allen (1983) primarily on the basis of data from the 
South Saskatchewan River, similarly demonstrates the 
importance of lateral accretion as a local process in low-
sinuosity sand-bed rivers in facies models from Lower Devonian 
sandstones, middle to upper Brownstones of the Welsh borders. 
2.45 SEQUENCE E: WIDE, SHALLOW, BAR-DOMINATED, 
BRAIDED CHANNEL 
Figs 2.12, 2.13 and 2.15. 
The lithofacies architecture of Sequence E 
(cf. Fig. 2.26) is indicative of shallow low-sinuosity braided 
stream patterns. 
Sandy gravel beds (Lithofacies CRl) are 
dominant, They are indicative of in-channel longitudinal bar 
deposits. The association of Lithofacies CRl characteristics 
with longitudinal bars was first recognized by Leopold and 
Wolman (1957), and has subsequently been described from modern 
gravelly braided systems by other workers ·(cf. 2.421). 
Supporting criteria pertain to the internal bedding pattern of 
Lithofacies CRl; massive beds, or crudely to well defined hori-
zontal stratification are described (2.321, 2.34, 2.351 and 2.36). 
Hein and Walker (1977) monitoring bar evolvement in the Kicking 
Horse River, British Columbia, postulated bar development 
occurred initially from lag deposits that accumulated during 
maximum (flood) flow stage as a diffuse gravel sheet, perhaps 
extending most of the width of an individual channel. In an 
aggrading situation they believed a series of diffuse gravel 
sheets would appear as crude horizontal stratification. 
The difficulties of observing bedform development 
during flood stage are immense, and particularly unfortunate, -as 
processes occurring during major floods probably form the greater 
part of deposits preserved in ancient sequences. The sedimen-
tation record of Sequence E does, however, augment the con-
clusions postulated from Recent braid channels relating to bar 
development during high flow stage. 
2.451 
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Subsequence El: Upward fining,braided channel 
dominated bi longitudinal 
barforms. · 
Figs 2.12, 2.13 and 2.14. 
The complex history of depositional and 
erosional events illustrated in the stratigraphic column 
(Fig. 2.26), is consistent with observations in Recent wide 
shallow braid channels where stream-beds are constantly 
adjusting to fluctuations in discharge (flood to low stage flow) . 
An unstable channel-bar relationship is indicated by the 
irregular lensoidal configuration of the gravelly sediments 
(Lithofacies CRl), interconnected by sands (Lithofacies cums), 
reflecting bar dissection during falling water stages (cf. Fig. 
2.12). 
Sandy trough cross-stratified sediments (Litho-
facies cums), interbedded with, or overlying bar form 
Lithofacies CRl, represent aggradation of the channel (cf. Cant 
and Walker, 1976, p.117) by sinuous crested dune bedforms during 
the waning phase of flood events. The successive (upward) 
reduction in bedform relief to small troughs and rippleforms in 
(Lithofacies Cpn, cf. Fig. 2.14) indicates diminishing flow and 
progressive sedimentation (infilling) of shallow channels. 
Rippled fine sand and silt interlaminated or 
draped with mud or clay (Lithofacies Cn) infilled channels in 
less active areas during low flow stages (cf. Miall, 1977b, p.18). 
Lithofacies Cn was frequently dissected by channels readjusting 
to sudden changes of high stage flow. 
Intraformational clay clasts are not common, 
indicating fine grained vertical accretion sedimentation was 
not significant. Overbank flood-basin areas and vegetated areas 
were limited to narrow short-lived zones. 
2.452 Subsequence E2: Incomplete braided channel 
succession. Fig. 2.15. 
The distinctive, simple, lithofacies path 
represented by Lithofacies cRi and Cn is attributable to rapid 
changes in flow discharge. Low water vertical accretion 
sediments (Lithofacies Cn), are deposited immediately over high 
(flood) stage longitudinal bars (Fig. 2.15) due to a rapid 
decrease in flood conditions, and/or the lateral shift of the 
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Sequence E most closely resembles the Recent 
Donjek type gravelly distal braided stream pro£ile proposed by 
Miall (1977b), and in particular cycles deposited by minor 
channels in the Donjek system (af. comparison Fig. 2.30). The 
Donjek River is typified by large discharge fluctuations, 
controlled by seasonal clima,tic changes (Williams and Rust, 1969). 
Significant di£ferences between the Sequence E 
profile, the Donjek type braid pro£ile and the St Bathans Member 
Sequence D profile (already closely matched with the Donjek 
model) include: 
(a) Comparatively thin cycles of Sequence E (up to elm thick) 
are compared to cycles of up to 8m thick for major channel 
or channel systems of the Donjek type (af. Fig. 2.30). 
(b) Sequence E cycles are dominated by channels infilled by 
barform sandy gravels (Lithofacies CRl). In contrast, the 
Donjek River profile is dominated by sandy aggradational 
units of dunes, linguoid and transverse bars, deposited 
under persistently lower flow conditions. 
The distinguishing characteristics indicate 
Sequence E cycles were dominantly shallow, smaller channels 
with unstable frequently switching bars and channels. This braid 
stream regime was possibly more proximally located, and subject 
to prolonged periods of high discharge, compared with the Donjek 
type dominated by channel fill sediments largely formed under 
medium energy conditions (Williams and Rust, 1969, p.649), but 
varied by seasonal discharge fluctuations. 
2.46 SEQUENCE F: UPWARD FINING,BRAIDED SCOUR CHANNELS 
EXHIBITING EPHEMERAL ACTIVE AND 
ABANDONED FLOW PHASES 
Figs 2.16, 2.17 and 2.18. 
Gravelly and sandy sediments of Sequence F 
contain recognizable bedform characters common to some modern 
braided river systems. 
Sequence F cycles were initiated by aggradational 
flood deposits that included; 
(a) Longitudinal bars (recognized as massive or crudely hori-
zontally stratified sandy gravels( Lithofacies CRl) of 
analogous origin. to longitudinal barforms interpreted in 
2.45. 
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(b) Gravelly sand and sand preserved in incised channels 
(Lithofacies Cae) with abundant fine grained intraclasts 
(incorporated as channel lag) typical of scour and fill 
channels. Overlying, sandy trough cross~stratified sets 
(Lithofacies cums) represent deposition by sinuous crested 
dune bedforms, probably at .a lower flow velocity, during 
the waning phase of th~ flood event. Lithofacies Cae 
represents a major channel cutting and filling phase, 
rather than the localized interplay of channel switching 
associated with Lithofacies CRl (cf. 2.451). 
The succession from dunes to smaller bedforms 
(diminished dunes to ripples) occurred under progressively lower 
velocities as channels became inactive (cf. Fig. 2.26, at 41.2m). 
Thick consecutive sets of fine sand and silt, with rippleform 
laminations, or climbing-rippleform laminae, interlaminated with, 
or locally draped by carbonaceous silty clay and clay (cf. Figs 
2.19 and 2.20) reflect decreasing and increasing flow velocity. 
Analogous deposits in modern braid stream environments accrete 
on low-water surfaces (Miall, 1977b, p.35-36). 
Carbonaceous mud and peat (Lithofacies Spd and 
Sto, Fig. 2.16) accumulated in poorly drained swamps and in 
abandoned strea~ courses and possibly on elevated terraces. The 
preservation potential of these units is low, usually they are 
partially eroded, and in many cycles were probably completely 
eroded. 
In some channels a pronounced disproportionate 
change between succeeding bedforms occurred (Fig. 2.17) when 
discharge dwindled suddenly during falling stage. Fig. 2.17 
illustrates finer gr~ined sediment (Lithofacies Cn) in dune 
troughs, recording channel abandonment, and subsequent infilling 
of the channel by finer grained vertical accretionary deposit~. 
Evidence for fluctuating sediment discharge suggestive of tempor-
ary (ephemeral) flow for at least some channels is emphasized 
by the vertical accretion abandonment facies. The significance 
and extent of ephemeral events is difficult to assess, 
particularly where anticipated vertical accretion deposits are 
partially or totally removed, or where the continuity of critical 
morphological features cannot be accurately assessed from 
limited outcrop. 
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The diversity of incomplete cycles represented 
by Sequence F, is primarily a function of channel incision. 
The preserved thickness of finer grained, vertical accretion 
deposits generally does not provide a reliable record of these 
sediments. Intraclasts incorporated in sediments of Lithofacies 
Cae are compositionally similar to abandoned channel fill, 
levee and overbank sediments, and attest to a formerly more 
extensive representation of these environments. Flume 
experiments (Smith, 1972), indicate that mudclasts withstand 
only limited transport and therefore originate locally. 
Abundant very large clasts (up to .2 x lm, Fig. 2.26 at 32.3m), 
probably originated from an eroding channel bank slump during 
the channel entrenchment process. 
The cohesiveness of fine grained particularly 
rooted lithofacies (e.g. Lithofacies Spd, Sto) may have been 
conductive to the entrenchment and maintenance of bank stability 
in small streams (cf. Jackson, 1978, p.550), particularly in 
maintaining the profile of channels incorporating scoured 
sediments of Lithofacies Cae. 
Characteristics of Sequence F indicative of some 





A general absence of an orderly change in the type and scale 
of sedimentation structures and textures. Widely fluc-
tuating discharge flow and regime stages are indicated. 
For example; the general upward fining trend of complete or 
nearly complete cycles are commonly characterized by 
alternationof lithofacies rather than gradation; the 
presence of low-water accretion units immediately over bar 
surfaces (cf. Fig. 2.26 at 42.6m). 
Cyclic arrangement of in-channel bedforms, dominated lower-
most by longitudinal bars or erosional scour and fill 
channel sediments (Lithofacies CRl and Cae). 
Multi-storey vertical arrangement of relatively thin cycles 
dominated by coarse-medium-fine sand lithofacies. 
Channels infilled uppermost by mud dominated lithologies. 
Abundance of mud clasts in erosional scour and fill sediments. 
(e) Relatively thin overbank deposits. 
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Sequence F most closely resembles the South 
Saskatchewan type braided stream profile erected by Miall (1978). 
Primary characteristics in common include: 
(a) Sand dominated cycles. 
(b) Overall upward fini~g sequence. 
(c) Basal erosional scour and fill, with abundant mud clasts 
(predominant), or gravelly longitudinal bar deposits 
(minor), sequentially overlain by trough cross-stratified 
sands, lower flow regime ripples and muddy overbank or 
waning flood deposits uppermost. 
Cycles of Sequence F containing abandoned channel 
fill deposits differ markedly from the South Saskatchewan type 
profile. Channels described by Williams and Rust (1969) from 
elevated levels (approximately 1.5m above the major active 
channel zone) of the braided Donjek River tract have morpho-
logical characteristics that resemble 'abandoned' Sequence F 
channels. There, elevation level (above the most active part of 
the river) and proportion of vegetation, influence the type and 
intensity of fluvial activity in progress. Sediment transport 
is exclusive to the principal channels when the lowermost level 
(active channel zone) has a low discharge. At or near high 
(flood) stage discharge, overbank flooding occurs from the 
principal channels, transporting suspended mud into abandoned 
channels and other slack-water areas. 
2.47 SEQUENCE G: SANDY BAR DOMINATED BRAIDED CHANNEL 
Figs 2.21 and 2.22. 
Lowermost, in phase 1 migrating sinuous crested 
dunes (Lithofacies CUm) aggraded the channel floor. Locally, 
small simple transverse bars (Lithofacies CRt) formed. Episodic 
degradation of the channel is indicated by partially eroded bar-
form stratification in Lithofacies CRt. 
Succeeding sedimentation represented by phase 2 
(Lithofacies CRtc, cf. Fig. 2.22 and 2.37) is attributed to the 
advancement of a sinuous multi-fronted transverse bar. 
Successive leading edges of bar tiers advanced forward by leap-
frogging over the slipface of the lower bar tier (cf. composite-
compound bar of Allen,. 1983, p.254, p.261). Shallow water 
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(i.e. a channel shoal) is inferred, but it is emphasized that 
compound bars have no documented modern counterparts (Allen, 
1983, p. 260). 
In the third phase, in-channel migrating dune 
forms are indicated by the trough structures in Lithofacies CUs. 
These were smaller than those in Lithofacies cum of phase 1, 
suggesting shallow~r water conditions for phase 3. 
Finally (uppermost), a large transverse bar 
advanced downstream. It was locally preceded by a plunge pool 
(forward of the leading slip face) that scoured into the under-
lying Lithofacies CUs. Barform features thicken downstream 
(from right to left, in Fig. 2.21), as the bar advanced into 
deeper water. Similar transverse barform stratification 
(progressively increasing in thickness into deeper water), is 
illustrated by Smith (1970, Fig. 10) from the modern braided 
Platte River. 
The section profile for Sequence G (Fig. 2.21) 
is essentially exposed parallel to current flow, revealing a 
consistent unidirectional current from right to left. The 
inclination downstream of barforms implies a channel floor slope 
of 4-7°. 
The pattern of sedimentation events interpreted 
for Sequence G is consistent with sedimentation described from 
many modern braided channels. Frequently changing _bedform 
features (varying in size, form and position) are indicative of 
fluctuating discharge and variable high and low-water stages. 
In-channel dunefield sedimentation was periodically interrupted 
by transverse bar development deflecting or splitting channel 
flow (braiding), consistent with bedform processes described 
from the sandy braided South Saskatchewan River (Cant, 1978; 
Cant and Walker, 1978) and the Lower Platte River (Smith, 1971, 
1972). 
2.48 SEQUENCE H: CHANNEL-LEVEE-SPLAY SUCCESSION 
Fig. 2.23. 
Sequence His attributed to three. genetically 
related subenvironments. A shallow, braided aggrading channel 
dominated by dune and barform features (Lithofacies Ca, Sub-
sequence H3), discharged sediment overbank during high to flood 
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stage events. Vertical accretion deposits (Lithofacies Vsq-P, 
Subsequence Hl and H2), the product of overbank flooding 
accumulated on the adjacent flood-plain. 
The internal stratification of natural levees 
described from the Brahmaputra (Coleman, 1969, p.231), consists 
of interfingering and overlapping lenses of coarse sediment 
capped by finer sediments, formed from the deposition of sedi-
ments as flood waters top the channel banks (splays). Like 
Lithofacies Vsq-P (Subsequence Hl and H2), scouring at the base 
of these splay deposits was a minor feature, or not apparent. 
The absence of burrow and root disrupted sediments (in Sub-
sequence Hl and H2), indicate relatively rapid sedimentation, 
and distinguish these sediments from vegetated overbank levee 
sequences. Rapid lateral and vertical growth are characteristic 
features of modern splay sediments. The distinctive textural 
variation between Lithofacies Vsq-P of Subsequence Hl and H2 
may indicate the relative proximity of the depositional site of 
these sediments to the channel. Weimer (1973, p.71-72) reported 
that .crevasse splay sediments are generally coarser grained 
closer to the channel (i.e. Subsequence H2) and increasingly 
finer grained further from the channel source (i.e. Subsequence 
Hl). The coarser grained beds of Subsequence Hl and H2 are 
attributed to sediments discharged at high to flood stage. Finer 
grained beds in Subsequence Hl and H2 accumulated during the 
waning flood stage. 
Sequence H occurs in uppermost St Bathans Member 
only, beneath lacustrine margin strata of the Kawarau Member 
(af. Fig. 2.26). Subsequence H3 may represent the deposits of 
a low gradient channel segment, immediately upstream of the 
channel confluence with Lake Manuherikia1 . Low flow velocities 
concomitant with the low gradient channel were ineffectual in 
discharging the channel load during high to flood stage levels. 
Extensive overbank flooding occurred, contributing to the thick 
splay succession (Subsequence Hl arid H2). Similar hydrologic 
processes are associated with modern low-gradient levee bounded 
fluvial channels (e:g. on modern delta plains and lower alluvial 
plains) where natural levees are overtopped or breached during 
flooding. Sheet-like flows (splays) spread over the nearby 
flood-plain. 
1Large freshwater lake represented by Bannockburn Formation 
strata {af. Fig. 8.1). 
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SEQUENCE I: OVERBANK, FLOOD-BASIN, LEVEE-
CREVASSE SPLAY DEPOSITS 
(a) Lithofacies FN: Flood-basin. 
Massive,fine_ grained (predominantly muddy) 
lithologies with low percentages of organic debris in fluvial 
environments are generally interpreted as low-lying flood-basin 
sediments (cf. 3.4). In modern fine grained 'ponded' deposits 
of this type, occasional wind-generated waves and currents may 
sort the sediment, producing silty discontinuous rippleform 
laminae. Modern examples of these deposits may be disrupted 
by burrowing organisms, producing 'mottled' traces similar to 
those occurring in Lithofacies FN. 
(b) Lithofacies FN-P: Crevasse splay, flood-
basin fill. 
Fig. 2. 24. 
Interbedded or interlaminated clay, silt and 
sand of Lithofacies FN-P characterize an interdistributary 
complex of levee-crevasse splay sediments that locally inter-
fingered with flood-basin sediments. 
Graded beds of interlaminated silts and clays 
(Fig. 2.24), originate from sands and silts discharged into 
shallow muddy waters of interdistributary flood-basins. The 
alternating repetition of these graded couplets relate to flood 
events. Similar sedimentation patterns are described for bay-
fill sequences of interdistributary bays, at sites relatively 
distal of the distributary mouth or at the distal margin of a 
crevasse splay. 
Intensely bioturbated zones (cf. Fig. 2. 24, 
uppermost) are indicative of sites where sedimentation was 
sufficiently low that the flood-basin floor was significantly 
reworked by organisms. 
2.410 SEQUENCE J: POORLY DRAINED INTERDISTRIBUTARY 
BASIN/BAY; POORLY DRAINED SWAMP; 
PEAT-FORMING SWAMP SUCCESSION 
(a) Lithofacies IBpd: Dark_ grey.to black clay shale lithologies 
(Lithofacies IBpd) are attributed to deposition of fine 
. grained sediment and organic debris which settled from 




Subdued schist or greywacke (j relief 
Sequence F depos·t· ' ion 
~ ~ 
' . . . :: ~~~ -~ ~ ~~~~~~27'/M~~~-, CRI \ I ,',)_V S'. 
/ . 
FIG. 2.31 









~ Sequence A 
~ Sequences B, D, E & G 
Reconstruction of the St Bathans paleovalley , showing lithofacies relationships 
of a braided fluvial system. 
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basins or bays. These were relatively short-lived ponds 
on the alluvial flood-plain, in contrast to the more 
widespread 'ponded' water bodies of Lithofacies FN and Spd. 
(b) Lithofacies Spd: Carbonaceous clay sediments (Lithofacies 
Spd) represent muddy poorly drained swamp sedimentation. 
(c) Lithofacies St and Sta:: Thin lignite beds (Li thofacies St 
and Sta) represent relatively short-lived peat-forming 
swamps that surrounded interdistributary flood-basins, 




PALEOGEOGRAPHIC APPRAISAL OF ST BATHANS MEMBER 
THE ST BATHANS VALLEY - AN ENTRENCHED BRAIDED 
RIVER SYSTEM 
The fluvial fill of the entrenched St Bathans 
paleovalley indicates a braided river depositional environment 
for St Bathans Member strata. Highly variable discharge rates, 
unstable channel patterns and high channel gradients are 
generally inferred from these deposits. These features, and 
the absence of extensive flood-basin, and swamp facies adjacent 
to channel facies, distinguish the St Bathans Member deposits 
from similar sandy or fine gravelly, multiple, low sinuosity, 
rapidly aggrading channel deposits attributed to anastomosed 
fluvial systems (cf. Smith and Smith, 1980; Smith and Putman, 
1980; Smith, 1983). 
A major channel dominated by dune bedforms 
(Sequence A) was flanked by a braid plain with channels similar 
to those occurring in the distal reaches of a braided system. 
This conclusion, is drawn from the braided 'type' profile 
models of Miall (1977b, 1978) and field studies reported by 
Williams and Rust (1969), Rust (1972, 1978) and Cant and Walker 
(1978), from the modern South Saskatchewan and Donjek channel 
systems, and from comparisons with the Devonian Battery Point 
model (Cant and Walker, 1976; Cant, 1978). Many of the St 
Bathans sequences represent slight variations of, or transitional 
forms between the 'type' South Saskatchewan and Donjek profiles, 
and advance the knowledge of the architectural variability of 
these systems (cf. Figs 2.27, 2.28, 2.29 and 2.30). 
95 
Precise modern analogues of ancient braided 
channel sequences are difficult to attain, not only because 
sedimentologists poorly understand the morphological variability 
of present day river systems, but because access to the 
accumul~ting profile of Recent sediments is difficult and 
limited, and because past climate and vegetation patterns have 
influenced the generation of morphologically different channel 
styles. The description and paleohydrological reconstruction 
of ancient fluvial systems is therefore a major objective of 
fluvial explorationists towards establishing predictable fluvial 
facies models. 
2.52 SYNTHESIS OF ST BATHANS MEMBER SEQUENCES 
(cf. paleogeographic reconstruction Fig. 2.31). 
A major braided channel (Sequence A) comparable 
to some modern 'big' rivers occupied part of the St Bathans 
entrenched valley. 
Outside of the zone of the major (trun~) river, 
shallow, low sinuosity channels with a high degree of channel 
connectedness are widespread. They are represented by 
Sequences B, D, E, F and G and were characterized by high energy 
flows often with fluctuating discharge rates and abundant bed-
load deposits. For Example, at Muddy Creek (near Surface Hill), 
in Sequence Band/or D, longitudinal and transverse barforms 
and local shallowly submerged sandflats indicate an unstable 
multi-channel braided system (cf. Fig. 2.29). Nearby (also at 
Muddy Creek), narrow ribbon shaped scour and fill structures 
(Lithofacies Ca, Sequence C), indicate an episode of channel 
downcutting (incision) giving rise to multi-channel sand bodies 
(illustrated in Fig. 2.6), suggestive of a localized zone of 
relatively stable low gradient channels. 
Relatively thick fine grained interchannel flood-
basin sediments (Sequence I, Lithofacies FN) accumulated directly 
on basement at Vinegar Hill. Overlying Sequence E facies 
represents very shallow, almost unconfined channels, without any 
significant downcutting. These are features common to an 
unstable multi-channel braid belt. The predominance of shoaling 
longitudinal barforms su9gests periods of high bedload discharge. 
Stratigraphically higher at Vinegar Hill (cf. Fig. 2.26) 
Sequence F cycles record deepe~ incised channels with a reduced 
f 
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degree of channel connectedness~ possibly narrower and more 
sinuous channels with fewer barform features and a lower 
channel gradient. They occurred as ephemeral channels possibly 
on elevated levels above the major active channel zone (of. 2.46) 
and were infilled by fine grained flood sediments following 
abandonment. At Vinegar Hil~, Sequence F occurs in close 
association with a thick carbonaceous mud bed (correlatable 
with the Cambrians ·seam), which probably represents the 
northernmost interfingering wedge of Fiddl~rs Member in the 
upper part of the St Bathans Member (of. 3.522). The change 
in channel pattern from Sequence E to Fin part reflects a 
lowering of the overall channel gradient associated with the 
initial encroachment of Fiddlers Member flood-basin facies and 
Kawarau Member lake margin facies over the almost infilled St 
Bathans Valley (in the upper part of the St Bathans Member). 
This changing pattern is manifest in the uppermost St Bathans 
Member beds at Vinegar Hill of. Fig. 2.3. The pronounced levee-
splay facies represented by sediments of Sequence H provide 
good evidence for reduced flow velocities in a lower gradient 
more confined (stable) channel, consistent with a transitional 
hydrological regime between the braid dominant channel forms of 
the St Bathans Member, and the low gradient unconnected channels 
of the Fiddlers Member. 
CHAPTER THREE 
FIDDLERS MEMBER: THE FIDDLERS ALLUVIAL PLAIN 
3.1 DEFINITION, STRATIGRAPHIC DISTRIBUTION AND 
GENERAL CHARACTERISTICS 
3.2 NOMENCLATURAL CORRELATION TABLE 
3.3 DESCRIPTION OF LITHOFACIES SEQUENCES 
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AND FACIES EVALUATION OF OTUREHUA SEAM 
SETTING 




FIDDLERS MEMBER (NEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTERISTICS 
Fiddlers Member varies from a few metres 
to cl50m thick, and primarily consists of a fine grained 
non-carbonaceous mud-dominated succession, punctuated by 
subordinate interbeds of silts, very fine sands, carbonaceous 
muds and occasional lignite beds. 
The unit name is derived fr?m Fiddler Flat, 6km 
south-east of St Bathans (cf. Fig. 2.2). Fiddlers Member 
sediments overlain by Kawarau Member sediments outcrop nearby 
in the banks of the Manuherikia River, upstream of the St 
Bathans Loop Road bridge. 
Detailed lithofacies analysis of Fiddlers 
Member strata is primarily based on: 
(a) core from borehole d2054 NZMG 2 271 965.7 
5 584 542.9; designated the type section for Sequence 
A and B. 
(b) strata in the highwall of the Idaburn CoalMine, G.R. H41 
719764; designated the type section for Sequence C, .D 
and E. 
In addition, E log information from widely 
spaced boreholes and outcrop information from sporadic 
exposures illustrate regional facies variations and 
configuration, differences in thickness and distribution of 
Fiddlers Member sediments. 
The widespread areal distribution of Fiddlers 
Member emphasizes the broad fluvial plain origin of these 
sediments. They occur in the Maniototo Valley, and in the 
Roxburgh Basin, and are widespread in the Idaburn and 
Manuherikia Valleys and occur in the Bannockburn and Cromwell 
Flat areas of the Upper Clutha Valley (cf. Fig. 1.1). 
Fiddlers Member dominates the Dunstan Formation, it directly 
overlies schist basement topography, except locally where it 
extends over entrenched (braid dominant) valley fill 
sediments of the St Bathans Member. Locally, Fiddlers 
Member sediments laterally merge into, and sometimes are 
overlain by wedges of prograding deltaic plain sediments 
(e.g. the Blackstone Member, cf. Fig. 4.14). For the most 
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part, Fiddlers Member is overlain by Kawarau Member (lake 
margin) sediments. Fiddlers Member strata probably merge 
laterally with Old Woman Member strata in the south-west of 
the study area (broadly between the Nevis and Cromwell Flat 
districts). 
The distribution and configuration of Fiddlers 
Member is primarily influenced by the overlying transgressing 
(Kawarau Member) lake margin sediments (af. 3.61). 
The Oturehua Seam (new), with aggregate 
lignite bed thicknesses between 5 and 8m, is laterally 
extensive in the northern Idaburn and northwestern Maniototo 
(af. 3.51). Lignite seams occur elsewhere in the Fiddlers 
Member (af. 3.52), but outcrop and widely spaced boreholes 
are insufficient to accurately correlate, or assess their 
distribution and lateral continuity. 
3.2 NOMENCLATURAL CORRELATION TABLE 
Table 3.1 Fiddlers Member Nomenclatural Correlation 
Description, environmental evaluation, sequence and stratigraphic 
designation of Fiddlers Member lithofacies recorded primarily from cored borehole d2054, 
and strata in the highwall of the Idaburn Coal Mine. Lithofacies and sequence/ 
subsequence symbols referred to are annotated on the detailed stratigraphic columns 
(Figs. 3.1 and 3,4), and on photographs of core from d2054 (Fig. 3.2). 
Lithofacies description 
Very dark brown lignite, typically with 
abundant xylitic detritus (including tree 
stumps). Resin globules common locally. 
Locally beds are very degraded. Rarely 
beds are dark brown, and f±ne grained, 
with only minor xylitic detritus. Quartz 
sand is disseminated in some lignite e.g. 
Oturehua and Cambrian Seams. Up to 12m 
thick. 
Brownish black to dark brown richly 
carbonaceous mud. Plant detritus is 
abundant. Beds up to lrn+ thick. 
Brown clayey silts to light grey -
greyish brown mud. Roots and root 
traces rare to abundant. Beds 
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Table 3.1 (continued) 
Lithofacies description 
Light grey, brown to dark greyish 
brown. Beds of silt to fine sand, or 
fine sandy lenticular laminae draped 
by carbonaceous silts, or thinly inter-
bedded or interlaminated mud, silt and 
clay. Rippleform laminae, including 
climbing rippleforms are locally 
preserved. Burrows, roots and root 
t:r:aces are rare to abundant. Burrows 
may obliterate primary sedimentary 
structures. Small sized plant 
detritus common to abundant. .1 - 3. 25m 
thick. 
White to dark greyish brown. Silty 
sand to medium sand, sometimes upward 
coarsening. Carbonaceous detritus 
rare to abundant. Burrows locally 
abundant - burrow mottled sands may be 
prominent. Occasionally root penetrated • 
. 12 - . Sm thick. 
Light grey to grey, ·clay to clayey silt. 
Massive, homogeneous. Up to 2.5 m 
thick in d2054. > 6m thick in outcrop. 
White to light grey, well sorted to 
poorly sorted, medium sand to silty 
sand, upward fining into light grey 
muddy sediments. Up to c.SSm thick. 
White to light grey, typically very 
well sorted, quartz-rich, silty very 
fine sand to ·fine sand. Upward fining. 
Unconsolidated. (Sedimentation 
structures not preserved.) 1.10m 
thick in Sequence B. 
White, quartz-rich, poorly sorted, 
gravelly sands, with large to medium 
scale trough cross-stratification. 
c.45m thick. 
White, quartz-rich, very well sorted, 
very fine sand, with medium to very 
small scale trough cross-stratification. 
c.94m thick. 
Light grey, quartz-rich, well sorted, 
very fine sand, interlaminated with 
rippled very dark brown disseminated 





















Large to medium scale 
in-channel dunes 
Medium to very small 
scale in-channel 
dunes 
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Fiddlers Member sediments, core boxes 34 - 27, 
borehole d20~4, from lower left to upper right 
in ascending stratigraphic order. Lithofacies 
code symbols are indicated. Core 5 and 4, box 34, 
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DESCRIPTION OF LITHOFACIES SEQUENCES 
DESCRIPTION OF SEQUENCES FROM BOREHOLE d2054 
Core from Fiddlers Member d2054 (cf. Fig. 3.2) 
is dominated by upward coarsening and upward fining cycles of 
Sequence A. Sequence A includes: 
(a) A lower, upward coarsening cycle designated Subsequence 
Al, comprising Lithofacies Vsq and P. 
(b) An upper, upward fining cycle, either Subsequence A2 or 
A3. Subsequence A2 constitutes the dominant lithofacies 
path, Ca-FN - FN, or simply Li thofacies FN. Subsequence 
A3 comprises Li thof acies Swd - FN, and is represented by 
only two cycles in d2054. 
Upward fining Sequence B, incorporating 
Lithofacies Ca-Spd-St, is represented once (cf. box 29, 
core 1 and box 28, core 5-3). 
Stratigraphic column Fig. 3.1, and core 
photographs Fig. 3.2, illustrate the repetitive and sequential 
ordering of lithofacies. 
3.311 
3.311.1 
SEQUENCE A: MUDDY SUCCESSION, PRIMARILY OF 
FLOOD-BASIN AND WELL DRAINED SWAMP DEPOSITS, 
INTERCALATED WITH MINOR LEVEE AND SPLAY SAND 
DEPOSITS. 
Subsequence Al: Upward coarsening, 
predominantly carbonaceous sand; levee to 
overbank splay succession (e.g. box 32, 
core 5 and 4; .73m thick). 
Lowermost, Lithofacies Vsq abruptly overlies 
finer grained muddy sediments of Lithofacies Swd or more 
commonly Lithofacies FN. Lithofacies Vsq comprises thin beds 
.l-.24m thick of greyish brown to brown silt to fine sand 
(typically poorly sorted sandy sLlts at the base grading up 
into well sorted fine sand), and abundant fine grained 
carbonaceous detritus. Small scale rippleform laminae abound, 
accentuated by comminuted plant detritus (Fig. 3.3a). Fine 
sandy lenticular laminae draped by carbonaceous silts (linsen ' 
beds) are locally prevalent. Small burrows (some possibly 
root traces), resin globules and plant fragments are common. 
High bedding plane dip angles compared to bedding plane dips 
lOB 
Fig. 3.3a Fig. 3.3b 
Fig. 3.3a 
Fig. 3.3b 
Subsequence Al, Lithofacies Vsq (inferred levee 
sediments), very carbonaceous greyish brown to brown 
rippled sandy silt and fine sand overlain by 
Lithofacies P (splay sediments), light brownish grey 
mottled fine to medium sand. Core from borehole 
d2054, box 32, core 5. 
Lithofacies Vsq, inferred levee deposit with a steep 
bedding plane dip reflecting the angle-of-repose on 
the levee surface. Core from borehole d2054, box 32, 
core 1. 
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of other lithofacies, are distinctive to some Vsq beds 
(Fig. 3.3b, box 32, core 1). 
Lithofacies P, carbonaceous fine sands or 
silty sands sometimes upward coarsening to better sorted fine 
to medium sand uppermost, gradationally or abruptly overlie 
Lithofacies Vsq. These sands are recognized by mottled dark 
brown to greyish brown and minor light brownish grey colours. 
The colour mottling is attributed to distorted bedding 
lamination (locally with high dips of 20 ° - 30 °) , and abundant 
burrow traces. Sands are sometimes root penetrated, inter-
dispersed with plant detritus and occasional clay clasts. 




Overall upward fining, 
to muddy flood-basin 
box 32, core 4, 3 and 2; 
Lithofacies Ca-FN, white, well sorted, medium 
to fine sand, or light grey, moderately poorly sorted fine 
sand to silty sand abruptly overlie Subsequence Al (Lithofacies 
P), and fine upward into a relatively thick typically 
homogeneous massive succession of light grey muddy sediment, 
primarily of clayey silt and clay (Lithofacies FN). Locally, 
Lithofacies FN is interrupted by minor (secondary) upward 
coarsening cycles of clayey silt or silt grading into coarse 
silt or sandy silt (Lithofacies P, e.g. box 31, core 3 and 2). 
Distinctive erosion scours succeeded immediately by silty 
sand upward fining to sandy silt (Lithofacies Ca-FN, e.g. 
box 29, core 5 and 4), may also interrupt the overall upward 
fining grain size. This succession is terminated by the 
initiation of a new Subsequence Al cycle. 
3. 311. 3 Subsequence A3: Fine grained, silty or clayey 
well drained swamp to muddy flood-basin 
succession. (Represented by three cycles, 
e.g. box 33', core 3-1; 1. 33m thick) • 
Light grey to pale brown clayey silt to clay 
with abundant rootlets and minor carbonaceous detritus 
(Lithofacies Swd), abruptly (cf. box 33, core 1) or 
gradationally (cf. box 30, core 1) overlies Lithofacies P, 
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. FIGURE 3.4. 
STRATIGRAPHIC COLUMN & INTERPRETATION OF SEQUENCES 
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Subsequence Al. Lithofacies Swd grades upward into muddy 
sediments of Lithofacies FN. 
3.312 SEQUENCE B: UPWARD FINING, SANDY CHANNEL TO 
CARBONACEOUS WELL DRAINED SWAMP TO POORLY 
DRAINED MUDDY SWAMP AND PEAT-FORMING SWAMP. 
(Represented ~y one cycle, box 29, core 1 -
box 28 core 5-2; 1.95m thick.) 
Lowermost, white, very well sorted, unconsoli-
dated fine sand of Lithofacies Ca abruptly overlies 
Subsequence Al, Lithofacies Vsq. Overlying, light grey silty 
very fine sand grades into brown clayey silt (Lithofacies Swd) 
that increases in carbonaceous content upwards. Roots and 
root traces are prominent. Uppermost, very dark brown to 
black clay transitional to lignite with prolific fine plant 
material (Lithofacies Spd), is overlain by a .2m thick lignite 
bed (Lithofacies St). 
3.32 DESCRIPTION OF SEQUENCES EXPOSED IN THE 
IDABURN COAL MINE (1977) 
Strata cropping out in the highwall of the 
Idaburn Coal Mine are described, and portrayed in Fig. 3.4 
and 3.5. Three sequences can be recognized. In ascending 
order they comprise: 
(a) Sequence C; c.Bm thick lignite seam (onlytheupper4mwas 
excavated in 1977), designated as the type section for 
the Oturehua Seam (cf. 3.53) grading into a .4m thick 
richly carbonaceous mud (Lithofacies Spd). 
(b) Sequence D; .6m thick, overall upward coarsening 
sequence, predominantly of very fine sand, locally with 
abundant rootlets, carbonaceous detritus and burrows. 
(c) Sequence E; 1.6m thick, gravelly sand upward fining to 
very fine sand. The upward fining is accompanied by a 
decrease in the amplitude of sedimentation structures. 
3.321 SEQUENCE C: LIGNITE AND RICHLY CARBONACEOUS 
MUD: PEAT SWAMP AND POORLY DRAINED MUDDY 
SWAMP. 8m thick. 
A total of Bm of lignite (Lithofacies St) has 
also been intersected one kilometre to the west of the 
Idaburn Mine in borehole d2013. Weathered surfaces exhibit 
r 
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Fig. 3.5 (above) 
Highwall of the Idaburn 
Coal Mine, Idaburn. 
G.R. H41 719764, Type 
locality of the Oturehua 
Seam (new) (cf. 3.5). 
Gently dipping Oturehua 
Seam overlain by over-
bank sands (Sequence D), 
and meander channel 




Fig. 3.6 (left) 
Well defined degraded 
lignite beds in the 
Oturehua Seam, highwall 
of the Idaburn Coal Mine. 
In bed 6, fine sand is 
disseminated through the 
lignite, or occurs as 
sandy discontinuous 
ripple laminae. Insitu 








well defined .3 - .75m thick lignite beds (cf, Fig. 3.5 and 
3.6). Lignite beds are typically very dark grey to very 
dark brown, and degraded. 
The log profile (Fig. 3.4), schematically 
portrays the macrolithologic variation. It includes; pale 
brown, fine textured lignite with rare xylitic detritus; beds 
densely packed with well preserved xylitic detritus including 
tree trunks and tree stumps (cf. Fig. 3.6 - and 3.7); beds rich 
in herbaceous leaf litter, and others enriched in resin 
globules. 2. 2 - 2. 9m below the top of the seam a sandy 
interval exists (comprising intermixed sandy-lignite and 
discontinuous sandy laminae), probably correlatable with the 
sandy parting in the Oturehua Seam at borehole d2012. Richly 
carbonaceous mud (Lithofacies Spd) .4m thick, grading upwards 
from brownish black to dark brown, gradationally overlies the 
lignite. Plant litter (leaves, twigs and rootlets) is 
abundant throughout Lithofacies Spd (cf. Fig. 3.8). 
3.322 SEQUENCED: OVERALL UPWARD COARSENING, 
SILTY VERY FINE SAND TO VERY FINE SAND: 
SPLAY AND LEVEE DEPOSITS •• 6m thick. 
Overall upward coarsening sequence predominantly 
of very fine well sorted sand (Lithofacies P and Vsq) 
transitional between the muddy sediments of Lithofacies Spd, 
Sequence C, and the coarse (gravelly sand) sediments at the 
base of overlying Sequence E. Lowermost, rootlets abound. 
The colouration of succeeding interbeds (dark greyish brown 
to white) reflects the proportion of incorporated carbonaceous 
detritus and plant litter. Burrow structures are abundant, 
and obliterate primary sedimentation structures. 
3.323 SEQUENCE E: 
SAND TO VERY 
(represented 
1. 6m thick. 
UPWARD FINING, QUARTZOSE GRAVELLY 
FINE SAND: MEANDER CHANNEL FILL 
by one and a half cyclothems). 
An upward decrease in grain siz~ is concomitant 
with a decrease in the amplitude of sedimentation structures. 
The sequence erosively overlies Sequence D, and comprises 




Insitu tree stump in the Oturehua Seam, 
Idaburn Coal Mine. 
Herbaceous leaf litter in very carbonaceous 
mud, Lithofacies Spd. .2m above the 







sorted gravelly sand (Lithofacies CUlm), .3m thick, locally 
abruptly overlain by foresets of poorly sorted gravel in wedge 
shaped beds (up to .15m thick). Lithofacies cums, medium to 
small scale trough cross-stratified very well sorted very fine 
sand (.2m thick) overlies. The overlying succession of 
Lithofacies cums is represented by .74m of very small scale 
trough cross-stratified very well sorted very fine sand. The 
uppermost part of the sequence (Lithofacies CmRo) consists of 
a .2m thick bed of alternating discontinuous rippled laminae 
of very dark brown disseminated plant detritus and light grey 
well sorted very fine sand., The top of the bed is eroded by 
the succeeding cycle. 
3.4 
3.41 
DEPOSITIONAL ENVIRONMENTS: INTERPRETATIVE ANALYSES 
OF LITHOFACIES SEQUENCES 
INTERPRETATION OF SEQUENCES FROM BOREHOLE d2054 
Facies analysis indicates an extensive alluvial 
flood-plain, drained by a meandering channel system from which 
overbank sediments of levee and splay sands spilled into 
shallow flood-basins. 
3.411 
3. 411. 1 
SEQUENCE A: FLOOD-BASIN, LOCALLY BORDERED 
BY LEVEES, WELL DRAINED SWAMPS, AND PROGRADING 
SPLAY SANDS. 
Subsequence Al: Levee and sheet splay. 
Overall upward coarsening Subsequence Al was 
formed from the progradation of levee and splay sediments 
(Lithofacies Vsq, and P respectively) onto a shallow flood-
basin (Lithofacies FN). Lithofacies Vsq was deposited in 
advance of sheet flood crevasse splay sedimentation 
(represented by Lithofacies P) that followed flooding or 
crevassing of the levees. 
Silts interlaminated with fine to very fine sands 
containing small scale ripple laminae, plant debris and 
burrows, analogous to Lithofacies Vsq are described from 
modern levees (e.g. from the Mississippi delta (Coleman, 1976; 
Coleman and Prior, 1980) and ancient inferred levees (e.g. 
Allen, 1965; Allen, P.A., 1982)). 
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Intense root development and worm burrowing 
characterize splay deposits (cf. Coleman, 1976; Coleman and 
Prior, 1980), and could produce burrow mottled sediments 
similar to Lithofacies P. Modern crevasse splay sediments 
are usually coarser than levee sediments with which they are 
associated (Russell, 1954, in Allen, P.A., 1982, p. 52), and 
often consist of moderately well sorted sediment of similar 
size to channel deposits of the main stream with which they 
are associated (Happ et al., 1940, in Allen, P.A., 1982, 
p. 52; and Allen, 1965). Crevasse splay deposits described 
in Allen (1965), like those described in Lithofacies P 
contain appreciable amounts of drifted organic material. 
E log signatures of Fiddlers Member strata are inadequate 
for differentiating sediments of distributary channel origin 
from sediments of c~evasse splay origin. However, core 
unequivocally indicates a crevasse splay origin for Lithofacies P. 
Crevasse splay sands extending as almost 
continuous unconfined sheets into finer grained flood-basin 
areas are described by Coleman (1969) from the Brahmaputra 
Valley. Coleman's observation provides a modern analogy for 
strata of crevasse splay sands (Lithofacies P) in Subsequence 
Al, overlain by flood-basin muds (Lithofacies Ca-FN and FN) 
of Subsequence A2. 
3.411.2 Subsequence A2: Flood-basin. 
The upward fining transition path represented 
by Subsequence A2 records initially falling discharge 
following the flood event associated with deposition of (the 
preceding Subsequence Al) overbank splay sediments into the 
flood-basin. The dominant (silt to clay) lithology 
(Lithofacies FN), which lacks apparent stratification, is 
interpreted as a flood-basin deposit, comparable to flood-
basin sediments described by Allen (1965, p. 150). Flood-
waters periodically discharged suspended fine sediment into 
low-lying interchannel basins. Moderately well sorted sandy 
to silty sand (Lithofacies Ca-FM) at the base of Subsequence 
A2 cycles (e.g. box 32, core 1), may represent shallow flood 
channels or flood derived sediment that temporarily flowed 
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into the flood-basin. Influxes of sediment to areas of the 
flood-basin more distally located to the flood channels are 
indicated by small scale upward coarsening units within 
Subsequence A2 (e.g. box 31, core 3 and 2), and by scoured 
surfaces immediately overlain by a thin upward fining 
succession of sandy silt to silt (e.g. box 29, core 5 and 4). 
3.411.3 Subsequence A3: Well drained swamp to 
flood-basin succession. 
The upward fining succession Lithofacies Swd 
and FN, overlying overbank splay sands of Subsequence Al, 
suggests that the flood-basin was sufficiently infilled by 
vertically accreting overbank sheet flood sands for a well 
drained swamp facies to develop over the shallow splay 
platform. Abundant vertically orientated roots and relatively 
low organic detritus attest to a well drained swamp 
interpretation for Lithofacies Swd, essentially analogous to 
well drained swamp deposits described by Coleman (1966) and 
Ethridge and Jackson (1980). Subsequently, reversion to 
flood-basin sedimentation (Lithofacies FN) occurred, and is 
recorded for the upper part of Subsequence A3. 
3.412 SEQUENCE B: INTERSWAMP MEANDERING CHANNEL 
White, very well sorted, very fine quartz 
sand of Lithofacies Ca are attributed to active channel 
sedimentation. This sand differs significantly from overbank 
splay sand (Lithofacies P) in texture (better sorting) and 
colouration (being completely devoid of carbonaceous detritus 
normally incorporated in Lithofacies P). Waning current flow 
(reflected in upward decreasing grain size) probably resulted 
from lateral migration of the channel. 
A well drained swamp (Lithofacies Swd), 
flanking the channel margins progressively encroached across 
the abandoned channel fill. This was in turn succeeded by a 
poorly drained muddy swamp (Lithofacies Spd), and ultimately 
a peat-forming swamp (Lithofacies St), as the channel (source 
of the terrigenous sediment) migrated further from the section 




INTERPRETATION OF SEQUENCES EXPOSED IN THE 
IDABURN COAL MINE (1977) 
SEQUENCE C: PEAT FORMING HERBACEOUS AND 
FOREST SWAMPS AND POORLY DRAINED MUDDY SWAMP. 
Herbaceous and arboreal swamp associations are 
indicated by well-preserved plant litter. The varied 
composition of coal beds indicate periodic replacement of 
plant associations due to fluctuating water tables controlled 
by (autocyclic) changes in the drainage pattern, or, to 
forest swamp fires (cf. Stach et al., 1975; Staub and Cohen, 
1979; Gurdip Singh pers. comm. in Sluiter and Kershaw, 1982, 
p. 220). Specific factors that support this interpretation 
include: 
(a} Relatively high fusain content of some beds may provide 
evidence of swamp fires. 
(b) Abundant woody (xylitic) remains in some horizons, 
including tree trunks and stumps indicate periods of 
densely populated forest swamp. 
(c) Beds rich in densely packed litter almost entirely of 
fern-like rachis, indicative of a relatively open 
canopy and possibly high water level stands. 
(d} Fine grained lighter (dark brown) lithotypes, 
characterized by high pollen concentrations and 
comparatively devoid of woody (xylitic) detritus are 
generally associated with open water swamp environments 
(cf. 6.41; Sluiter and.Kershaw, 1982, p. 213). 
(e) Very fine quartz sand dispersed through or intercalated 
with the lignite_ as discontinuous laminae represents 
influxes of flood derived sediment into the peat swamp. 
A distinctive sandy parting correlated with a sandy 
split in the Oturehua Seam in d2013 suggests a wedge 
shaped parting thickening westwards towards a probable 
splay. 
(f} Lithotypes dominated by a herbaceous flora of reed-like 
taxa, probably associated with high water levels. 
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Suspended richly organic sediment accumulated 
in an open water, poorly drained swamp (Lithofacies Spd), 
between a peat-forming swamp dominated by an arboreal 
association (Lithofacies St), and an accretionary channel 
overbank zone (Sequence E). Recognizable plant remains in 
Lithofacies Spd (cf. Fig. 3.8) indicate a localized 
herbaceous flora flourished. 
3.422 SEQUENCED: ACCRETIONARY CHANNEL OVERBANK 
DEPOSITS; SPLAY AND PROXIMAL LEVEE. 
Sandy beds of Sequence D represent overbank 
splay and proximal levee deposits bordering the stream 
channel (Sequence E) and adjoining a poorly drained swamp, 
Lithofacies Spd (Sequence C). Carbonaceous detritus was 
possibly derived from vegetation colonizing levee surfaces, 
which was inundated and uprooted by floodwaters. Sands with 
burrow structures and rootlets interbedded with featureless 
sands attest to a fluctuating discharge flow. During periods 
of low sedimentation, the sediments were extensively burrowed 
(destroying sedimentation structures), and the levee surface 
(at least partially) colonized by vegetation. 
3.423 SEQUENCE E: MEANDER CHANNEL 
The sandy sucqession represented by Sequence 
Eis reminiscent of many up~ard fining cycles first recognized 
fromtheOldRedSandstone (cf. Allen, 1963a, 1963b, 1964, 1965) and 
are discussed more fully in Allen (1970). The erosive base 
of Sequence Eis overlain by gravelly sands, succeeded by 
sediments which illustrate upward fining and a change in 
amplitude and type of sedimentation structures. The 
progression from large scale trough cross-stratified sets to 
very small scale trough cross-stratified sets (Lithofacies 
CUlm to cums) to finer grained ripple laminated sediments 
(Lithofacies CmRo) is attributed to waning flow on the point 
bar of a meandering channel. 
The absence of muddy overbank sediments 
capping Sequence E suggests significant erosion by down-
cutting of a younger channel migrating back across a former 
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ttLeander path. Channel meander belt deposits are interpreted 
from regional data (cf. 3.62) and are illustrated in the 
environmental reconstruction, Fig. 3.16. 
Large scale cross-stratified sandy gravels 
and gravelly beds similar to those described from the base 
of Sequence E (and illustrated in Fig. 3.4) are respectively 
forming on the lower point bar (bar platform) and in shoal 
(riffle) areas on the channel floor of the modern meandering 
Endrick River (Bluck, 1971, p. 99). Sandy trough cross-
stratified sets formed from migrating dunes have been observed 
on modern point bars. 
The abandonment or migration of the channel 
belt an? re-establishment of a stable flood-basin environment 
is recognized from E log data in a nearby borehole d2013 
(cf. Fig. 3.9), one kilometre west of the Idaburn Coal Mine. 
In d2013 muds overlie sands stratigraphically equivalent to 
sands overlying the Oturehua Seam in the Idaburn Coal Mine. 
3.5 
3.51 
CORRELATION OF FIDDLERS MEMBER LIGNITE BEDS 
AND FACIES EVALUATION OF OTUREHUA SEAM SETTING 
OTUREHUA SEAM (NEW): DEFINITION AND USAGE 
Type Section: G.R. H41 719764, Idaburn Coal 
Mine (Figs. 3.4 and 3.5) 
The Oturehua Seam is designated for coal beds 
correlatable with lignite in the Idaburn Coal Mine, and 
primarily occurs in the Eastern Idaburn Coal Sector (cf. 
Fig. 1.1). The seam is named after the town of Oturehua, 
6 km south-west of the Idaburn Coal Mine. 
The seam is laterally persistent in the Ida 
Valley for at least 13 km south-west of the Idaburn Coal Mine 
(cf. Fig. 3.9). Locally, seam beds split and merge. 
Aggregate lignite thicknesses vary from Sm to 8m. Oturehua 
Seam crops out in the Idaburn Coal Mine, in several abandoned 
water-filled pits in the vicinity of Oturehua, and is 
expressed surficially by slumping and outcrops of clinker 
and porcellanites at Eden Leith (near Wedderburn), and has 
BLACKSTONE COALFIELD FIG.3.9 
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RECONSTRUCTED STRATIGRAPHY, DEPICTING THE CONFIGURATION 
AND STRATIGRAPHIC RELATIONSHIP OF THE OTUREHUA SEAM. 
LOCATION OF BOREHOLES ARE SHOWN ON FIG. 1.2. 
NORTH 
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bQ~n intQrSQC~Qd in boreholes at d2070, d2013, d2060, d2014, 
d2016, d2020, d2019, d2044 and possibly in the D.S.I.R. 
(1981) 'Ranfurly' borehole at Haughton Hill. The Oturehua 
Seam is now preserved in two basins (in the north-eastern 
Idaburn Basin and north-western Maniototo Basin), separated 
by the uplift of schist basement of North Rough Ridge and 
Little Rough Ridge. 
Oturehua Seam is probably correlatable with 
delta plain coals of the Johnstone Seam in the Home Hills Coal 
Sector, 6.5 km north of the Idaburn Coal Mine, but because of 
facies variations and the absence of relevant outcrop or 
boreholes between these two areas, or refined palynological 
information, no obvious correlation can presently be 
established. 
3.52 MISCELLANEOUS FIDDLERS MEMBER LIGNITE 
OCCURRENCES 
Sites favourable for peat accumulation and 
preservation are limited on the Fiddlers Member alluvial 
plain (cf. 3.53 and 3.63). Lignite beds are therefore 
generally laterally discontinuous and difficult to corEelate 
over long distances. The difficulty of seam correlation is 
compounded by widely spaced outcrop and boreholes. 
3.521 Fiddler Flat Coal Sector: Coal Pit Road -
Fiddler Flat area, Manuherikia Valley. 
A 13m thick lignite interval overlies schist 
(basement) in d2011 (Coal Pit Road) at a depth of 303m 
(cf. Fig. 3·. l0a). This seam has been mined extensively at 
shallow depths (up dip of d2011) in the nearby St Bathans 
Loop Road - Coal Pit Road - Fiddler Flat area. 
3.522 Cambrians Coal Sector: Vinegar Hill -
Cambrians - Lauder area, Manuherikia Valley. 
Cambrians Seam (new) 
Type Section: G.R. H41 524845, lignite 
cropping out in the abandoned workings at Welshman's Gully, 
Cambrians. Correlatable beds are intersected 350m west in 
d2010 (NZMG 2 252 055.4 5 584 610.4 cf. E. log, Fig. 3.10b), 
llJ ,, 
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and other possibly laterally continuous lignite beds occur 
in the St Bathans to Lauder districts, Manuherikia Valley. 
Often split, the seam is of variable quality and thickness, 
comprising known aggregate lignite thicknesses up to 7m. 
The seam crops out in abandoned coal mines in the Welshman's 
C'reek area Cambrians (cf. Fig. 3.11), Woolshed Hill and at 
Woolshed Creek (Lauder Lane Coal Mine,cf. Fig. 3.12). A 7m 
thick lignite bed intersected in d2007 (Muddy Creek Road, 
near Lauder, 15 km south-west of Woolshed Hill may be 
correlatable with the Cambrians Seam. A 2 - 3m thick richly 
carbonaceous mud at Vinegar Hill is probably correlatable 
with the Cambrians Seam and may represent a northernmost 
wedge of Fiddlers Member in the upper part of the St Bathans 
Member. 
3.523 Cromwell - Bannockburn area 
Kawarau Seam (new) 
Type Section: G.R. F41 096637, north bank of 
the Kawarau River, c. 4. 3 km upstream of the Clutha - Kawarau 
River junction. The type section includes two principal coal 
'beds' 3m and Sm thick cropping- out in the Kawarau River bank, 
cf. Fig. 7.3 and stratigraphic section Fig. 7.2. 
Kawarau Seam is highly variable in thic~ness. 
It may comprise a single bed (for example 4m thick in d2025, 
Jocelyn Road, near Shepherds Creek), or split into numerous 
thin coal beds that intercalate with non-carbonaceous strata 
(for example five lignite beds occur within a 50m interval 
at G.R. F41 099646, Kawarau River bank,cf. Fig. 7.1). 
The seam occurs in both Fiddlers and Kawarau 
Members. It represents a peat swamp on the Fiddlers alluvial 
plain (within the Fiddlers Member), that extends shoreward to 
Lake Manuherikia to merge with lake-margin peat swamps 
(within the Kawarau Member, cf. Fig. 7.11). 
The Kawarau Seam has been mined extensively 
at several localities near the banks of the Kawarau River 
between Cromwell town and Bannockburn Creek, and in the 
Shepherds Creek area, south of Bannockburn. 
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Fig. 3.11 
PROPRIETOR l~IR ,T. :II 'C l'KIN) AND E.ilIPLOYECS. 
Photo: Otago Witness. 
Coal mining at Welshman's Gully, Cambrians, 
c.1901. The type section of the Cambrians 
Seam (new) is designated for lignite 
cropping out in the abandoned mines at this 
locality (cf. 3.522). G.R. H41 524845. · 
.., 
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3.53 FACIES EVALUATION OF OTUREHUA SEAM SETTING 
E log data from boreholes d2013, d2060 and 
d2070 in the immediate vicinity of the Idaburn Coal Mine 
exhibit an upward coarsening , (muddy to very fine sand) 
succession preceding the accumulation of Oturehua Seam peat. 
The succession represents the infilling of a flood-basin. 
The uppermost sandy sediments are interpreted as crevasse-
splay deposits, they provided a sufficiently shallow stable 
setting for the initial accumulation of the Oturehua Seam peat. 
Peat-forming swamps on abandoned channel and overbank crevasse-
splay sands have also been documented from Paleocene 
environments of the Powder River Basin, Wyoming and Montana 
(Flores, 1980, 1981; Ethridge, Jackson and Youngberg, 1981). 
The low compactability of the sandy splay 
sediments relative to the adjoining fine grained flood-basin 
succession possibly produced subsidence rates more suitable 
for plant colonization and peat accumulation. Oturehua Seam 
configuration and lignite lithotypes are influenced by over-
bank deposits (cf. 3.62). Prolonged peat accumulation was 
favoured in locations distal of channel and overbank 
sedimentation sites. 
The proximity of meander belt channels 
(Sequence E) to some peat-forming swamps is indicated by the 
interruption of peat deposition by overbank splay sand (cf. 
sandy partings in the Oturehua Seam of d2013, d2060, d2070; 
Fig. 3.9), intermixing of sand with peat (forming sandy 
lignite in the Idaburn Mine; cf. Fig. 3.4 and 3.6), and the 
eventual cessation of peat accumulation due to the deposition 
of meander channel sands at the peat accumulating site (e.g. 
Idaburn Coal Mine, d2013 and d2070). The emplacement of 
meander channel facies over peat was probably a response to 
a favourable lower gradient at the peat swamp site, due to 
relatively greater subsidence of peat matter. At other sites 
short-lived influxes of muddy flood-basin sediments intermixed 
with accumulating peat (eventually to form high ash lignite 
e.g. d2020), or flood-basin facies encroached temporarily over 
Fig. 3.12 
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Abandoned water-filled Lauder Lane Coal Mine, 
Woolshed Creek, Lauder Station, Manuherikia Valley. 
G.R. G41 498821. Dunstan Times, March 14, 1921, 
reported: "The ground controlled by the Lauder 
Lane Company carries a continuous seam of black 
lignite two miles long, averaging half a mile wide 
and in the thinnest place 45 feet thick opening out 
in places to 75 feet of solid coal." 
The lignite thickness at this location is presently 
unobtainable, the lignite being almost entirely 
submerged. The seam is correlatable with the 
Cambrians Seam (cf. 3.522), and occurs within highly 
deformed strata of the Dunstan Fault Zone. Schist 
of the Dunstan Range block, crops out 30 m west of 
the abandoned mine. 
1 
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the peat swamp (eventually to form a parting in the Oturehua 
Seam e.g. d2014). These events preceded the final encroachment 
of flood-basin sediments that terminally inundated the peat 
at these locations. 
3.6 
3.61 
REGIONAL PALEOGEOGRAPHIC APPRAISAL 
GENETIC STRATIGRAPHIC EVALUATION 
The pattern of fluvial plain drainage 
determined for the northern Idaburn district (described and 
interpreted in 3.3 and 3.4) is areally widespread, and formed 
the principal depositional style of Dunstan Formation 
fluvial architecture (cf. Fig. 8.1). An appraisal of 
Fiddlers Member paleogeography and distribution beyond the 
areas described in detail from core or outcrop study (3.31 
and 3.32) is determinable from E log patterns of non-cored 
holes, augmented by sedimentological information from 
outcropping strata. 
The lower part of the Fiddlers Member contains 
proportionally more channel fill and splay sands, and peat-
forming swamp (lignite bed) facies than the upper part of the 
Fiddlers Member. In contrast, proportionally more mud-rich 
(flood-basin) facies occur in the upper part of the Fiddlers 
Member. This facies scheme is extremely variable, particularly 
at locations influenced by facies of closely adjacent 
depositional systems. 
The accumulative thickness and character of 
Fiddlers Member strata are primarily related to the position 
of Lake Manuherikia depocentre. Fiddlers Member (fluvial 
plain) deposition occurred peripheral to an enlarging lake 
(Lake Manuherikia) that progressively transgressed over the 
bordering alluvial plain. Sections positioned in close 
proximity to the nucleus of Lake Manuherikia incorporate a 
relatively thin suite of Fiddlers Member sediments, for 
example at d2007 (north-west of Lauder) 50m of Fiddlers 
Member strata lie between schist basement and the transgressive 









Epsilon-cross-stratification in well-sorted, 
fine, quartz sands of Sequence E, exposed in 
the highwall of the Idaburn Coal Mine during 
1983. ECS is commonly attributed to the 
lateral accretion of sediments on the point 
bar of meandering streams. The stratigraphic 
position of seguence Eis indicated in Fig. 3.5. 
Regional dip 3 - 6°. 
Distal levee sediments (Lithofacies Vsq), 
underlain and overlain by flood-basin sediments 
(Lithofacies FN) consisting of grey homogeneous 
clay. Levee deposit consists of thin beds or 
laminae of mud silt and fine sand. Comminuted 
plant detritus; rippleform and climbing 
rippleform laminae indicative of waning currents 
and rapid sedimentation are common to Lithofacies 
Vsq. 
Fiddlers Member, Kawarau River section. 




< I-J: -:E I- 0(/) 
::E > C. (I) z 
<< w ..J w 




















& channel ? ? 
lignite peat swamp 
interlammated v.f. sand crevasse splay I 
\ & sandy lig11ite , 
lignite peat swamp 






::E I- 0 (1) 
::E >- C. (l)Z 
<< w ..J w 










LITHOLOGY PALEO ENVIRONMENT 
clay 
very to slightly 
carbonaceous clay 
lignite 
silty v.f. sand 
lignite 
flood-basin 
p. d. swamp -
w.d. swamp 
peat swamp 
interlaminated v.f. sand, sUt 
& muddy lignite levee 
clay flood-basin 
BPB COAL LITHOLOGY E LOGS OF d 2020 & d 2060, SHOWING FACIES INTERPRETATION 
OF STRATA ENCLOSING THE OTUREHUA SEAM 
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Member sediments are attained in the Hawkdun area 30 km to 
the north-east of d2007. 
3.62 THE FIDDLERS .ALLUVIAL PLAIN: A FLOOD-BASIN 
DOMINATED PLAIN 
The regional'pattern of Fiddlers Member 
sedimentation interpreted from E logs, core and outcropping 
strata indicates an extensive fluvial plain setting, 
dominated by flood-basins that were bordered by levee and 
crevasse-splay sands, and subordinate facies of meander 
channel belt sands and poorly drained swamps. 
The suitability of the basic meandering model 
of Allen (1963a, 1965) as an analogue for the sand dominated 
Sequence Eis indicated by the internal sedimentation features 
(cf. 3.323, 3.423 and Fig. 3.4) and disconnected channel 
geometry (identified from E logs, suggesting Sequence E beds 
occur in isolated clusters). In addition, epsilon cross-
stratification (ECS) identified with lateral accretion 
sedimentation of point bars (Allen, 1963c, 1965) occurs at 
Bannockburn (G.R. F42 076589) in sands similar in texture and 
lithology to Sequence E strata from the highwall of the 
Idaburn Coal Mine (Fig. 3.13). Stacked channel sequences, 
often incompletely preserved (e.g. at Idaburn Mine, Wedderburn 
and Bannockburn) indicate that these channels laterally combed 
a relatively narrow stable meander belt. Disconnected ribbon-
like sand bodies (typically 2 -6m thick), aggraded until 
abandonment of the meander belt by avulsion to a toppgraphi-
cally lower level (cf. 3.53). Occasionally channels meandered 
across the flood-plain outside the confines of the meander 
belt, e.g. Sequence B, d2054 (cf. 3.312 and 3.412). 
Considerable fluctuations in flow velocity of 
the distributary channel sands are indicated by the frequency 
with which levee (Lithofacies Vsq) and overbank splay sands 
(Lithofacies P) spill over and interdigitate with the fine 
grained flood-basin sediments. The widespread occurrences of 
this sedimentation pattern (discussed in detail 3.411), is 
indicated by the distribution of E logs with erratic gamma 
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signatures that can be calibrated with core in d2054, 
interpreted as representing minor upward coarsening (levee 
and overbank splay) cycles interdigitating with muddy flood-
basin sediments. Fig. 3.14 shows a variation from the range 
of levee sediments (described from d2054, 3.31) which 
interrupted flood-basin sedimentation. Thinly interbedded or 
interlaminated fine sand, silt and carbonaceous silty clay 
representative of a prograding levee succession (Lithofacies 
Vsq) intercalate with finer grained flood-basin sediments 
(Lithofacies FN) in the Cromwell Flat area. 
The sandy channels of Sequence E are devoid of 
muddy sediment, but presumably carried mixed sediment loads 
during floods, dispersing fine grained suspended sediment into 
the flood-basins. The coarser, sandy sediment was retained in 
the higher energy channels and overbank splays. Muddy to fine 
sandy sediments were dispersed to the levees by lower velocity 
flows. 
Areally extensive, massive mud of Lithofacies 
FN, settled from suspension in well drained low-lying inter-
channel flood-basins. These flood-basins essentially acted 
as 'stilling' basins for fine suspended sediment discharged 
into the basins during flood events. The regularity of over-
bank flood events is indicated by the cyclicalprogradationof 
levee and overbank splay sediments into the low-energy flood-
basin environment. 
Minor upward coarsening sequences of crevasse 
splay sands (e.g. d2060, Fig. 3.15) and localized sequences of 
carbonaceous silts of levee or well drained swamp facies (e.g. 
d2020, Fig. 3.15) infilled interchannel lows (flood-basins), 
providing ideal platforms for plant colonization and peat 
accumulation. Active overbank sedimentation at these peat 
accumulation sites ceased, due to the unfavourable channel 
gradient that resulted from aggradational infilling of low-
lying areas. 
Lbcally, high sinuosity streams penetrated the 
vegetated areas depositing overbank (levee and splay) sands 
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that occasionally flowed into the peat swamp, and interrupted 
the peat accumulation process (e.g. d2013, d2060). High 
sinuosity meander belt channels immediately flanked by 
extensive peat-forming swamp facies are recorded elsewhere; 
for example, from the Ecca Group of northern Zululand, South 
Africa {Turner and Whateley, 1983). However, these channels 
were characterized by more stable flow discharges confined to 
the channel, providing for the accumulation of very thick 
continuous coal seams. 
In contrast, peat swamps adjacent to flood-
basins accumulated thicker carbonaceous intervals (e.g. 
d2044, d2020 and d2014), but lignite beds were not necessarily 
uniformly low ash in quality. High ash lignite and seam 
splits provide evidence for periodic choking and interruption 
of peat-forming flora by influxes of muddy flood-basin sediments. 
3.63 SUMMARY OF FIDDLERS MEMBER PALEOGEOGRAPHY 
Fiddlers Member paleogeography (illustrated 
in Figs. 3.16 and 8.1), shows a widespread low gradient 
alluvial plain drained by relatively few primary river 
channels, all identified with high sinuosity (meandering) 
geometry. Sedimentation primarily occurred by overbank 
processes, infilling low-lying interchannel flood-basins that 
dominated the landscape. 
Basin subsidence (presumably partially related 
to compaction of the predominantly muddy alluvial and 
adjoining lacustrine pile), was sufficient to maintain a high 
water level over the low gradient plain conducive to the 
formation of extensive flood-basins. Aided by high standing 
water levels, overbank flooding and debouching of sediment 
into the flood-basins occurred regularly. The water table 
was too high to favour the widespread development of very 
thick flood-plain peat swamps. Peat swamps were geographic-
ally restricted, favouring development on sandy or silty 
platforms over infilled flood-basins, where the water table 
was at a level suitable for the preservation of plant 
material, and the vegetation sufficiently protected from the 
choking effect of overbank flood events. 










































































































































































































































































MODERN AND ANCIENT ALLUVIAL PLAIN FLOOD-BASIN 
ANALOGUES 
The overall depositional regime portrayed for 
the Fiddlers Member closely parallels the Atchafalaya River 
flood-basin in the lower alluvial plain of the Mississippi 
Valley, but differs significantly with regard to the overall 
geographic setting. The Atchafalaya River flanked by levee 
ridges, discharges the bulk of its sediment- load into the wide 
expanse of freshwater lakes that together with inland (fresh-
water) swamps comprise the Atchafalaya River flood-basin 
(Coleman, 1966, p. 160). 
Ancient flood-basins with overall similarities 
to the Fiddlers Member occur in the Devonian flood-plain of 
the Cunningsburgh Peninsula, S.E. Shetland (Allen, P.A., 1982); 
Lower Carboniferous fluvial coastal plain drained by sinuous 
channels of Clew Bay, County Mayo, Ireland (Graham, 1981); 
Cenozoic coastal plain of Chita-Corrigan channel axis, Gulf 
Coast (Galloway, 1981); Paleocene fluvial-lakes of the Upper 
Tongue River Member of the Fort Union Formation in the northern 
Powder River Basin, Wyoming and Montana (Flores, 1980, 1981, 
1983); Paleocene flood-basin of the Lower Wasatch and Upper 
Fort Union Formation, Southern Powder River Basin, Wyoming 
(Ethridge, Jackson and Youngberg, 1981). 
The Middle and Upper Old Woman Submembers (of. 
Fig. 5.1) represent a partially contemporaneous fluvial system 
in the south-western part of the study area. There, a low-
gradient flood-plain was characterized by meandering channel 
patterns, shallow interchannel flood-basins and vast vegetated 
areas (of. 5.32 and 5.33). It is distinguished from the 
Fiddlers Member by lower flow velocities, less intense over-
bank flooding and extensive tracts of long-lived peat-forming 
swampland in less confined settings. 
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Fig. 4 .1 
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View north-east across fault bounded Hawkdun Coal Sector (upper Manuherikia Valley), to 
uplifted greywacke block (Hawkdun Range). North-west trending Hawkdun Fault zone at 
the foot of the Hawkdun Range is covered by prominent gravel fans. North-east trending 
Manuherikia No. 1 fault (MF) displaces greywacke (north of fault) against Blackstone 
Member (lignite-bearing) strata. Manuherikia River (MR) and boreholes d2065 (65) and 
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BLACKSTONE MEMBER CNEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTER! STI CS 
The Blackstone Member occurs within the 
Blackstone, St Bathans, Turnagain and Idaburn Survey Districts. 
Two submembers are recognized: 
(a) Lower Blackstone Submember (new) c.70-90m thick in the 
Hawkdun Coal Sector and 35-45m thick in the Home Hills 
Coal Sector. 
(b) Upper Blackstone Submember (new) up to c.80-90m thick. 
Type Section for both submembers is cored borehole d2054, 
Home Hills Coal Sector. NZMG 2 271 965.7 5 584 542.9. This 
section is almost completely illustrated by photographs of 
core in Fig. 4.6. E log of d2054 is reproduced in Fig. 4.4. 
The description and environmental interpre-
tation of these submembers are summarized in 4.2 and 4.51. 
Their configuration within the Home Hills and Hawkdun Coal 
Sectors are indicated by Figs 4.14 and 4.16. 
The Blackstone Member comprises an extensive 
carbonaceous (notably lignite) deltaic plain system. This 
system is defined ~rom boreholes in the upper Manuherikia and 
upper (north-western) Idaburn Valleys in the Blackstone Coal-
field (principally in the Home Hills and Hawkdun Coal Sectors). 
Subsurface log correlation defines the deltaic plain wedge 
configuration, positioned within the Dunstan Formation (Figs 
4.14 and 4.16). For the most part it lies stratigraphically 
between the underlying Fiddlers Member and the overlying 
Kawarau Member, but in the northern part of the Hawkdun Coal 
Sector it unconformably overlies greywacke basement. Laterally 
the Blackstone Member merges with sediments deposited in the 
fine grained alluvial plain environment of the Fiddlers Member. 
The Blackstone Member typically ranges in thick-
ness from 90-llOm, and consists primarily of a variable 
fine grained predominantly carbonaceous succession of clays, 
silts, lignite and fine sands. The lignite is represented by 
the Johnstone Seam which is thickest in the northern part of 
the Hawkdun Coal Sector. 
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Thinner partings of the Johnstone Seam are frequent in the 
Upper Blackstone Member and particularly where the seam merges 
laterally towards the Fiddlers Member. 
Blackstone Member sediments are principally 
preserved in downthrown blocks, complexly faulted (in the 
Hawkdun Coal Sector, Fig. 4.1), or folded in an asymmetric 
synclinal structure (Home Hills Coal Sector, Fig. 4.5). 
Detailed lithofacies analyses are primarily 
based on one fully cored, electrically logged borehole d2054, 
and wash chip samples from 30 electrically logged rotary 
drilled boreholes (cf. borehole location mqp, Fig. 4.2 and 
Fig. 4.3). Outcropping strata are few, and generally of 
limited value for sedimentologic studies. 
► 
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4.11 BLACKSTONE COALFIELD (NEW): DEFINITION 
Blackstone Coalfield embraces the Home Hills 
and Hawkdun Coal Sectors and extends south of the Home Hills 
Coal Sector to include the Eastern Idaburn Coal Sector (cf. 
3.51), and west of Home Hills to include Fiddler Flat (cf. 
3.521) and Cambrians Coal Sectors (cf. 3.522). This area 
occurs within the Blackstone Survey District and adjoining 
survey districts. 
Fig. 4.5 
Photo: D.L. Homer, N.Z.G.S . . 
View north across Home Hills Coal Sector to 
Hawkdun Range. North branch of the Idaburrt 
in foreground·. Cored borehole d2054 is marked 
(54). Dunstan Formation strata are deformed 
in a north plunging asymmetric syncline 
terminated to the north (at the foot of the 
Hawkdun Range) by the Hawkdun Fault. Lignite-
bearing strata outcrop or shallowly subcrop on 




Blackstone Member sediments, borehole d2054, from 
lower left to upper right in ascending stratigraphic 
order. Lower Blackstone Submember is represented by 
boxes 27 - 15; Upper Blackstone Submember is 


























Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 






























Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 
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Fig. 4.6 cont'd. 
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4.2 NOMENCLATURAL CORRELATION TABLE 
Table 4.1 Blackstone Member Nomenclatural Correlation 
Description, environmental evaluation, sequence and stratigraphic 
designation of Blackstone Member lithofacies recorded from cored borehole d2054 (Home 
Hills Coal Sector), N.Z.M.G. 2 271 965.7 5 584 542.9. Lithofacies and sequence/ 
subsequence symbols are superimposed on photographs of core (Fig. 4,6). 
Lithofacies description 
White, well sorted medium to very fine 
quartzose sand, commonly interbedded 
with light grey, silty very fine sand. 
Bedforms (particularly of coarser sand) 
have been almost completely destroyed 
during coring. Trough cross-
stratification locally preserved; 
ripple stratified laminae (defined 
by carbonaceous detritus), and burrow 
mottled features are preserved in 
coherent cored intervals of fine - very 
fine sand, e.g. box 10, core 3; box 10, 
core 2, 1 - box 9, core 5. • 4m - 7m 
thick. 
Greyish brown, silty very fine 
quartzose sand with cross laminations 





burrow mottled (otherwise homogeneous) Cn-Cpn 
grey - light grey silt and clayey silt, 
e.g. box 9, core 4-3. 2 - 3m thick. 
Very dark brown - blad< carbonaceous 
silty clay intercalated with 
discontinuous rippled and parallel 
laminae, and rippleform laminae of 
yellowish brown - white silt or very 
fine sand. Resembles linsen strati-
fication. Locally, rippleform 
laminae are accentuated by comminuted 
plant debris. Bioturbation may 
obscure original stratification, e.g. 
box 14, core 4-3. 
Dark brown - black organic c layshale. 
Subtle stratification distinguished 
by texture and colouration, 



































Table 4.1 (continued) 
Lithofacies description 
Dark brown, light and dark colour 
alternations readily distinguishable 
in mudshale. Diffuse disseminated 
silt grains in matrix. F~equent 
fine intercalations of discontinuous 



















Dark brown silty clay - mudshale beds 
and laminae with internal (locally 
wispy) colour banding defined by 
texture, alternate with prominent 
brown clayey silt - coarse silt beds 
and lenticular laminae (internally 
with fine rippled laminae). 
Localized interbeds of silt or sil~y 
sand, e.g. box 14, core 1. Burrows 
disrupt stratification. • 06 - • 45m 
thick. 




Dark brown, very micaceous homogeneous 
clayey silt or silty clay. Fissile -
semi-fissile. Plant detritus 
including well preserved leaves on 
bedding planes. Discontinuous 
lenticular laminae of silt 
distinguished in box 8, core 4. 
Upward coarsening unit •• 25m thick. 
Dark greyish brown clayey silt or silt 
with abundant comminuted plant 
detritus interlaminated/bedded with 
lenticular cross-stratified very fine 
PDfd 
white quartz sand. Structures PDfp 
(commonly) burrow mottled or extremely 
disrupted by soft sediment deformation 
structures, e.g. box 8, core 4-3. 
Coarsening upward unit. .22 - .88m 
thick. 
Light grey - white, well sorted 
quartzose sand. Small scale cross 
stratification (in part destroyed by 
coring). Coarsens upwards ·in box 8, 
core 2-1, from very fine - fine sand to 
fine - medium sand. Fine carbonaceous 


























Table 4.1 (continued) 
Lithofacies description 
Generally very dark brown,upward 
coarsening sandy sediments dispersed 
with abundant fine carbonaceous 
detritus. Bedforms and texture 
variable. High angle cross 
stratified sands prominent, 
interbedded locally with brown 
burrow mottled silt. Well preserved 
stems abundant in upper sediments, 
grading into lignite, e.g. box 21, 
core 1 - box 20, core 5-1. 
1. 27 - 3. 25m thick. 
Light brownish grey - light grey 
clay, homogeneous, massive. 
Locally coarsens to clayey silt. 
Mottled burrow structures locally 
very pronounced. 1. 2 7 - 3. 2 Sm 
thick. 
Brown - very dark greyish brown silty 
clay or clay, carbonaceous, 
homogeneous. Rootlets common to 
abundant, e.g. box 7, core 5-4. 





















Brown - very dark greyish brown silty 
clay or clay. Commonly homo-
geneous. Locally subtly finely 




carbonaceous detritus, e.g. box 12, 
core 2-• Locally burrowed. Rootlets 
rare to common. 
Very dark brown - dark reddish brown 
to black clay. Very carbonaceous, 
typically massive, homogeneous. 
Fine plant detritus is rarely 
discernible. Commonly grades into 
lignite, e.g. box 13, cor e 4-3. 
Spd 





























Table 4.1 (continued) 
Lithofacies description 
Primarily black clay. Occasionally 
very dark brown - black clayey silt 
to silty clay, e.g. box 14, core 5-4. 
Very carbonaceous. Distinguished 
from Lithofacies Spd by: 
(a) abundant soft sediment 
deformation structures. 
(il. Disrupted laminae, e.g. 
interpenetrative convolute 
laminations ( Allen, 1977) 
in box 10, core 5-4. 
(ii) Irregular, often vertical 
to near vertical veins of 
silt - very fine sand. 
(iii) Variety of complex flow 
banding and brecciation 
structures illustrated in 
box 13, core 3-2; box 12, 
core 4. 
(b) localized burrow structures, 
most pronounced near the 
contact with organic poor 
coarse li thologies. . l - l. 2m 
thick. 
very dark brown - dark reddish brown. 
lignite dominated by well preserved 
small - medium sized woody stems 
(humotelinite) and geliiied tissues 
(humocollinite) in a degraded humic 
groundmass. Resin globules 
concentrated locally. Well preserved 
reed grasses locally. Characterized 
by thick laterally continuous beds; 
2.3-llm thick (including 
Lithofacies Sto(l), Sto(2), Sto(3) 
of Sequence H) . 
Very dark brown - dark reddish brown 
lignite. Reed grasses and small 
woody stems common and well preserved. 
Minor concentrations of resin 
globules. Fine grained (humodetri-
nite) groundmass. Fusain relatively 
common. Characterized by thin 
laterally discontinuous seam splits . 













































Table 4.1 (continued) 
Lithofacies description 
A distinctive suite of lignite 
lithotypes (of allochtonous origin) or 
very carbonaceous sediment intercalated 
with Lithofacies St2; 
Very dark brown - dark reddish brown, 
very fine sandy lignite - high ash 
lignite, e.g. box 25, core 5. 
Dark yellowish brown - yellowish brown 
liptinite-rich lignite. Fine 
grained. Burrow mottled. Minor 
xylitized sterns and mineral matter. 
Brown liptinite rich lignite. Fine 








· Peat swamp, 


















4.3 DESCRIPTION OF LITHOFACIES SEQUENCES 
Blackstone Member lithofacies described from 
borehole d2054 are assigned to eight sequences. 
4.31 SEQUENCE A: UPWARD FINING, SAND TO MUD: 
.CHANNEL FILL 
Upward £ining sand to mud succession 
represented by two distinct but genetically related subsequences; 
(a) Subsequence Al, two cycles are identified (.i) box 6, 
core 2-1 - box 5, core 5-3: 2.45m thick, (ii) box 10, 
core 2-1 - box 9' core 5-3: 10.3m thick. 
(b) Subsequence A2, box 10, core 3 : .7m thick. 
Lowermost sediments comprise Lithofacies Ca 
(abruptly overlying carbonaceous sediments of Lithofacies Spdo 
or Stl), medium - very fine sands and silty sands, locally with 
low angle cross-stratification (Subsequence Al, box 6-5), 
rippleform laminae accentuated by fine carbonaceous debris or 
mottled burrow traces. In Subsequence Al (box 10-9) and A2 
bedforms of Lithofacies Ca sediment have been almost completely 
destroyed by coring. E log data are, however, sufficient to 
define the overall sediment pattern and thickness for lost or 
highly contaminated cored intervals. 
The pattern of sedimentation in the upper parts 
of the three cycles described diverge slightly in character. 
4.311 Subsequence Al: UPWARD FINING, DISTRIBUTARY 
CHANNEL 
Lithofacies Ca is represented by fine - very 
fine well sorted quartz sand with small - medium scale trough(?) 
cross-stratification. Lithofacies Ca is overlain by Lithofacies 
Cn-Cpn, represented in box 5, core 4 by .22m of burrowed brown-
ish grey very fine sandy silt. In box 9, core 4-3 Cn-Cpn is 
c.85m thick, and predominantly consists of interlayered thin 
beds and laminae of silt and fine sand. Bedding is locally 
highly deformed. Carbonaceous detritus accentuate rippleform 
laminae in some bed.s. Uppermost Cn-Cpn (.in box 9) fines 
upward from intensely burrowed clayey silt with minor 
carbonaceous detritus into clay. Litho.facies Cn-Cpn is 
succeeded by Lithofacies Swd, carbonaceous, very dark_ greyish 
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brown silty clay or clay, with rootlets. Richly carbonaceous 
sediments overlie Lithofacies Swd, for example, in box 9, 
core 3-2 very brown to black clay (Lithofacies Spd) incor-
porating xylitic 'logform' debris is overlain by l~gnite 
(Lithofacies Stl). 
4.312 Subsequence A2: UPWARD FINING, CREVASSE 
CHANNEL 
In box 10, core 3, uppermost units comprise 
an upward fining sequence. Lithofacies Vsq, burrowed, very 
dark brown carbonaceous silty clay intercalated with abundant 
rippled lenticular white silty laminae decreasing in frequency 
upwards (comparable to linsen bedding described by Reineck 
and Wunderlich (1968), overlie Lithofacies Ca, and grade 
upward into carbonaceous clay with fine rippleform laminae 
accentuated by comminuted carbonaceous detritus. The 
sequence is capped by black richly carbonaceous clay 
(Lithofacies Spd). 
The relative thickness of the sequences -
10.3m for Subsequence Al (in box 10-9) compared with .7m for 
Subsequence A2 is significant. 
4.32 SEQUENCE B: UPWARD COARSENING SEQUENCE: 
POORLY DRAINED INTERDISTRIBUTARY 
BAY TO CREVASSE SPLAY BAY-FILL 
Sequence B represents an upward coarsening 
shale to sand sequence characterized by two phases of develop-
ment (Subsequence Bl locally overlain by Subsequence B2), each 
recognized by a distinct assemblage of sedimentation 
structures and texture. The sequence may terminate at any 
phase of development. Several incomplete cycles terminating 
at various phases of Subsequence Bl development are present in 
boxes 14-11. Only in box 12 and box 8, are complete sequences 
represented, incorporating both Subsequence Bl and B2. 
4.321 Subsequence Bl: SHALY, POORLY DRAINED 
INTERDISTRIBUTARY BAY 
Black richly organic shale - dark brown clay-
shale to mudshale and silty clay succession intercalated with 
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lenticular silt and sand laminae. Typically 0.3m-lm thick. 
A complete graded set typically comprises 
(from base to top): 
(a) Lithofacies IBpd, black-dark brown richly organic clay-
shale characterized by (a) homogeneous texture or (b) 
alternating bedding distinguished by subtle 'light' and 
'dark' colour alterations within the dark brown (l0YR 3/3) 
and very dark greyish brown (l0YR 3/2) colour range, e.g. 
box 13, core 1. 
(b) Lithofacies IBpdo, dark brown mudshale with 'light' and 
'dark' colour alterations, intercalated with fine 
discontinuous lenticular (linsen type) laminae of silt 
and silty very fine sand, e.g. box 14, core 1. 
(c) Lithofacies IBpd-Pd, a dominant comparatively coarse 
grained lithology of ripple laminated silty beds alter-
nating with beds or laminae of silty clay, e.g. box 11, 
core 3, and box 13, core 1. Rippled laminations abound 
on a micro-scale and these are deformed by dish and pillar 
structures (cf. Fig. 4.7 and 7.42). 
Root structures and coarse carbonaceous detritus are 
absent, though occasional leaves occur on bedding planes. 
Burrow structure~ are localized, and most pronounced near the 
contact with organic coarse lithologies. 
4.322 Subsequence B2: SILTY TO SANDY CREVASSE SPLAY 
BAY-FILL SUCCESSION 
Upward coarsening fine silt to sand succession 
(e.g. box 12, core 3 and box 8, core 4-1). .36 -l.92m thick. 
The subsequence represented by box 8 is described. 
The lowermost unit (grading up from underlying 
Subsequence Bl), Lithofacies PDfd comprises dark brown very 
micaceous homogeneous fissile silty clay and clayey silt inter-
calated with fine discontinuous lenticula~ laminae of silt 
uppermost. Lithofacies PDfp comprises lowermost, dark greyish 
brown silts with deformed thin white sandy beds and lenticular 
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Fig. 4. 7 (right) 
Lithofacies IBpd-Pd. Thin 
beds and discontinuous laminae 
of alternating silt and silty 
clay lithologies. Rippled 
laminations are deformed by 
dish and pillar (compaction and 
dewatering) structures. d2054, 
box 13, core 1. 
Fig. 4. 8 (below) 
Lignite lithotype from the 
Johnstone #4 bed (d2054), 
characterized by well 
preserved grass leaves. 
cm 
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cross-stratified fine aand laminae, succeeded uppermost by 
cross-stratified brown sandy silts and silty very fine sands. 
Original stratification in coarser beds is locally obliterated 
by burrow mottled structures and soft sediment deformation 
(convolute structures). Uppermost, sandy sediments (Litho-
facies Pp) comprise unconsolidated white quartz sand, grading 
upwards from a very fine very well sorted sand, to a fine to 
medium sand size. 
4.33 SEQUENCE C: RICHLY CARBONACEOUS SWAMP 
SUCCESSION 
Richly carbonaceous sequence comprising 
carbonaceous clay and lignite, e.g. box 12-10. Sequence C 
typically .4m-4.15m thick. 
Sequence C incorporates black-very dark brown 
richly carbonaceous clay and muddy beds. (Lithofacies Spd and 
Spdo). Lithofacies Spdo is distinguished from Spd by the 
occurrence of occasional lenticular laminae and thin beds of 
silty sand, and soft sediment deformation structures (primarily 
interpenetrative silty sand (Allen, 1977); cf. Fig.4.9c). 
Lithofacies Spd and Spdo are typically interbedded with (and 
gradational into) thin beds of very dark brown-black lignite 
(Lithofacies Stl). Lignite beds are megascopically variable. 
Thin laterally discontinuous seam splits of Johnstone #4 have 
a distinctive herbaceous flora of well preserved grass leaves 
(cf. Fig. 4.8). The thicker Johnstone #5 seam includes a mixed 
flora, reed grasses are locally prominent and well preserved, 
intermixed with modest amounts of well preserved woody tissues 
of large to small stems, and minor concentrations of resin 
globules, set in a groundmass of humic detritus (humodetrinite). 
Mineral matter is relatively high, particularly in thin seams 
or near the upper or lower boundary. Minor fusain is widespread. 
4.34 SEQUENCED: MUDDY INTERDELTA BAY 
Homogeneous light grey clay grading into carbo-
naceous clay. Box 4 - box 1. llm thick. 
Relatively thick massive sequence of homogeneous 
grey to light brownish. grey clay, locally grading into clayey 
silt or silt (Lithofacies Bwd) dominates the sequence, and 
grades uppermost and lowermost int<'il Lithofacies Swd, brown to 
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greyish brown carbonaceous clay. Lithofacies Bwd is 
characte~ized by a texture d~void of sedimentation structures 
except for interpenetrati~e clayey. silt, a relatively low 
organic content (totally devoid of coarse carbonaceous detritus), 
subtle burrow mottled structures (locally very pronounced), 
and intense small scale ~lickensiding. 
4.35 SEQUENCE E: UPWARD COARSENING SEQUENCE: WELL 
DRAINED SWAMP TO CREVASSE SPLAY 
Upward coarsening clay to carbonaceous sand 
succession represented by; (a) Box 21, core 3-1 - box 20, 
core 5-1; 4.77m thick, (b) Box 19, core 1 - box 18, core 5-2; 
2.64m thick. 
Lowermost, Lithofacies Swd comprises a very 
dark greyish brown-greyish brown homogeneous clay with abundant 
insitu rootlets. Near the lower (gradational) contact burrow-
ing is very pronounced (particularly box 21, core 3), 
accentuated by the intermixing of Lithofacies Swd with the 
darker carbonaceous lithology of the underlying sequence. In 
box 21, core 1 carbonaceous detritus increases in the upper part 
of Lithofacies Swd and persists into the very dark greyish brown 
very fine sands (Lithofacies Pp-CRm) that overlie. 
Lithofacies Pp-CRm varies; 
(a) In box 19-18, clayey-silt of Lithofacies Swd continues 
to coarsen upward within overlying Lithofacies Pp-CRm 
into a fine sand. Lithofacies Pp-CRm is conspicuous by 
the very dark brown fine carbonaceous detritus with coarse 
muddy lignite fragments, and abundant well preserved 
ungelified (telinitized) woody stems uppermost. Remnant 
cross-stratification is locally discernible, but for the 
most part structures are interrupted by the coarse 
carbonaceous detritus. 
(b) In box 21-20, Lithofacies Pp-CRm sediments that overlie 
Lithofacies Swd comprise very dark brown silty very fine 
sand, distinguished by abundant intermixed carbonaceous 
detritus and rarer resin globules. Higher in the unit, 
well sorted sandy sediments with high angle trough cross-
laminations are interbedded with pale brown silt, 
characterized by intense burrow mottling and comparatively 
4.36 
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minor carbonaceous detritus. Abundant xylitic stems and 
small logs intermixed with fine and coarse carbonaceous 
detritus interdispersed in a very dark brown silty very 
fine sand matrix dominate the upper sediments. Topmost 
sediments of Lithofacies Pp-CRm grade into lignite of 
Sequence G. 
SEQUENCE F: MUDDY RICHLY CARBONACEOUS BEDS 
INTERCALATED WITH SILT AND SAND: 
POORLY DRAINED SWAMP, WASHOVER 
AND LEVEE DEPOSITS 
Burrowed and bioturbated, very carbonaceous, 
upward coarsening sequence, grading from clayey silt beds to 
linsen beds intercalated with silt and mud laminations. 
Box 14, core 5-2. 
Gradationally overlying lignite of Sequence G, 
lowermost Sequence F comprises bioturbated very dark brown to 
black very carbonaceous poorly sorted clayey silt and silty 
clay, typically .65-.04m thick of Lithofacies Spdo. Lithofacies 
Spdo is irregularly interbedded with black to very dark brown 
homogeneous clay (Lithofacies Spd). Sediments immediately over-
lying comprise extremely bioturbated carbonaceous very dark 
brown to black mud with occasional remnant lenticular laminae 
of white silt or fine sand (Fig. 4.9a). These sediments retain 
sufficient original sedimentation structures to be ascribed to 
the linsen laminated unit (Lithofacies Vsq), into which they 
grade upward as bioturbation decreases. The distinctive suite 
of linsen laminated sediments (cf. Fig. 4.9b) disrupted frequently 
by burrowing comprise the uppermost sediments of Sequence F. 
Fine parallel laminae and discontinuous ripple laminae of white 
silt are interlayered with laminae of black clay or silty clay. 
4.37 SEQUENCE G: LIGNITE: HERBACEOUS SWAMP TO 
FOREST SWAMP SUCCESSION 
Thick lignite beds .55m-10.25m thick, e.g. box 26. 
Lignite beds (represented by Lithofacies St2) 
are laterally extensive and exhibit a variety of megascopically 
visible floral associations. Huminite dominates and is 
abundantly represented by small-medium sized well preserved 
wood tissues (humotelinite) and/or gelified tissues (humo-




Fig. 4.9 (left) 
4. 9 a Intensely 
bioturbated carbonaceous mud 
of Lithofacies Vsq. 
4.9b Linsen laminated 
sediment of Lithofacies Vsq. 
White discontinuous ripple 
laminae interlayered with 
carbonaceous clay (cf. 4.36). 
4.9c Lithofacies Spdo, 
richly carbonaceous clay 
disrupted by interpenetrative 
silty sand, occasional 
lenticular laminae and 
(uppermost) thin beds of silty 
s and ( cf . 4 . 3 3 ) • 
Fig. 4.10 (below) 
Photomicrograph, fluorescence, 
reflected light, dry lens. 
Lithofacies Sto(2), sample 
129.79 - 129.84, borehole 
d2054, Johnstone# lB. 
Distinctive liptinite rich 
lithotype consisting of 
abundant sporinite and 
liptodetrinite (cf. Table 
4.2). Dark hurnodetrinite 
matrix is bitumen drenched. 
Dark yellowish brown to 
yellowish brown macrolitho-
type. 




(humodetrinite), dispersed with local concentrations of resin 
globules. This association is interrupted by herbaceous reed-
like associations, and fairly high concentrations of liptinite 
rich coals (Sequence H). 
Results of analyses on eight composite samples 
of lignite (on a bed moisture basis) from Johnstone #3, #2, 
#1-A and #1-B, borehole d2054, were provided by Coal Research 
Association of New Zealand (1981). These indicate a variable 
ash content (2.1-12.6 percent), low sulphur (0.17-0.51 percent), 
high moisture (44.8-52.8 percent) lignite, with a calorific 
value between 10.18-12.03 MJ/kg. 
4.38 SEQUENCE H: SANDY LIGNITE AND RICHLY 
LIPTINITIC LIGNITE: PEAT SWAMP 
WASHOVER DETRITUS 
Carbonaceous sand/high ash lignite, yellowish 
brown liptinite rich lignite and burrow mottled lignite, e.g. 
box 25, core 5-4; box 25, core 1 - box 24, core 5. 
Sequence His .05-lm thick, of varying 
composition (comprising complete and incomplete cycles cf. below), 
which are interlayered with lignite beds of Sequence G. 
A complete cycle (represented by box 25, 
core 5-4) comprises a lower richly carbonaceous unit with dis-
persed terrigenous sediment (Lithofacies Sto(l)) described as 
very fine sandy lignite. Sand grains are sometimes more subtly 
discernible (e.g. box 25, core 1) occurring as minor mineral 
matter (determined microscopically) within a very dark grey to 
dark reddish brown lignite. Lithofacies Sto(l) grades upward 
into Lithofacies Sto(2), a dull, fine textured, dark yellowish 
brown to yellowish brown liptinite rich lignite (sporinite and 
liptodetrinite content are high), with minor mineral matter, 
.minor xylitic stems and distinctive dark greyish brown burrow (?) 
mottling, particularly at the lower contact. Petrographic 
analysis (Table 4.2), and photomicrograph (Fig. 4.10), demon~ 
strate the high sporinite and liptodetrinite content of 
Lithofacies Sto(2). This sequence grades upward into lignites 
of Lithofacies St2, Sequence G. 
Elsewhere, e.g. box 26, core 3, and box 24, 




























PETROGRAPHIC ANALYSIS (Vol.%) OF LITHOFACIES Sto(2) AND Sto(3) FROM THE 
JOHNSTONE #lB BED, BOREHOLE d2054, HOME HILLS COAL SECTOR. 
Maceral Sto ( 2) Sto ( 3) 
Subgroup Maceral Sample 129.79 Sample 134.23 
-129.84 -134.36 
Humodetrinite (attrinite) 48 47 
textinite 1 
Humotelinite 
ulminite 2 3 
detrogelinite 1 .9 
Humocollinite 
carpohuminit.e 2 1 
sporinite 16. 7 
cutinite 
resinite 5 2 
suberinite 1 
liptodetrinite 16 .7 
sclerotinite 1 6 
macrinite 
semifusinite 1 7 
fusinite 
inertodetrinite 3 6 
MINERAL MATTER 4 4 
Data from P. M. Black, 1981, pers. comm. 
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a brown burrow mottled lignite, with a lower sporinite and 
liptodetrinite conterit th~n Lithofacies Sto(2) (cf. Table 4.2), 
but comparatively higher than most other lignite lithotypes 
examined petrographically by Black, P.M., pers. comm. (1980, 




DEPOSITIONAL ENVIRONMENTS; INTERPRETATIVE ANALYSES 
OF LITHOFACIES SEQUENCES 
SEQUENCE~:. LOWER DELTA PLAIN,ACTI¥E CHANNEL-
ABANDONED CHANNEL FILL 
Subsequence Al: INTRASWAMP DISTRIBUTARY 
CHANNEL 
Box 6, core 2 and 1 - box 5, core 5-3 and 
box 10, core 2 and 1 - box 9, core 5-3. Subsequence Al exhibits 
geometric characteristics and sedimentation features resembling 
distributary channel fill deposits described from the 
Mississippi River delta by Coleman and Prior (1980, p.38-47). 
Active channel fill sedimentation (Lithofacies 
Ca, with trough cross-stratified sands) predominates. Bed-
forms diminish in size, and grain size decreases towards the 
upper part of the sequence. Sands (of Lithofacies Ca) grade 
uppermost into sands and silts of Lithofacies Cn-Cpn. The 
transition from predominantly sandy lithologies to silty and 
clayey silt lithologies, the latter often with carbonaceous 
detritus, reflects the change from active to abandoned channel 
conditions (af. Donaldson et aZ., 1970~ p.117). Lithofacies Cn-Cpn in 
box 9 indicate relative chaotic filling of the channel. Thin 
beds of interlayered sand and silt, locally with carbonaceous 
ripple laminae, burrows, and distorted bedding (due to differ-
ential compaction), are described for both Lithofacies Cn-Cpn 
and abandoned distributary-fill deposits in the Mississippi 
delta system. The uppermost part of both Subsequence Al and the 
Mississippi deposits contain finer grained sediments that 
include logs and richly organic clays with root traces. Vertical 
accretionary filling of the channel by ponded fine sediment 
(uppermost Lithofacies Cn-Cpn and Swd), and drift logs, represent 
the culminatin9 phases of channel abandonment, subsequent to 
the establishment of a swamp floral succession (Lithofacies 
Spd and Stl). 
M 
" 
,.,_ ,.q - r' -r:,1•--l'J-0;)--t ,\ :-;-r,\.-:- " ~~ ~r;lh \I -'-~r"-~ ,.1,t,r:A,<;.;,!:1.1. ,, ''-' ' I •.,,t{";,111111• 'J lu ,,,~,-~ . " .,, ,,) ,,, '!'I'' ;, , "' •'ili'"\i' •""'1!!'' ·U• 1•• c,s, _.. , · ..'h )ii , <,,~•',I I ,; .. I ,:JJ!> "'=>' ,,. SI, 
~if,J!~
. ~->'¢'ii' I,, ~-1:t.~.¥ r,, .... ,.~!'-:1"""' ,. ',1];1<'.},;,,,·, .,. , ••" ·, • ' '". ,, ",li/.O::,s•·.~',•'-" I B w d . -~\~:tr,"~·. 
,.-aP-?JI;;, .. 11 , -~'~.Y,ll~)/Jr-__,:1 ;i ""''"·'''' .\ ,',,, .... ,., .... , •. ,.... .,.,, .......... , - I \I,\ r ,,, ~/ ,{,•'· ' ,!•• ~ l\1 ' ' • > ;; . 2"' '1, T, ,U '•'" ,_,,,,., ' •'' ,.1 H" " > • , ' ', · ,,,NJ>i,J<·" ';e " ', ~ ' """" ,.,;,,, .'" . . " ~, .. ' • ' ' " ' ·' ' ...._,,,,"""'l,•~ ' . . ,·,~,"·°""' " ,.,.,. '" ,, " ...... ,. ,,, ". ' --~- ,, 11:; ti '-'-11 ~-' ,, • • " ,,, " -- - , •••• ,_ I ,1 ' • ' ' ' "' .._____ , , .....  ,; c,>, C' 
, 8 w d v , •. , " \I ., , , :, . . 
1 
11: ,i'1i ib I" i~ --.._____  "-~- .,,,:11~1r,..r4~,4 
1-.JI'• 1,,,,-1111 I •v 'II I' ' 1 '' i ,, V ,, I\~ ......___ ~ ,--.::-< 'I /" 1r 1•'!..!!~,,.,11x'li .... 
I>" ""' ,..,, ' ,, I' • ' ' "' · ' " '-,' " • .,'7 .. " 
FIG. 4. 11 




1, ,v, 1 · 1 \ \. t,1 f \iv}t1J.l1111 I/ 1 \\\~-"- -:::.--:::---(__ j, •• f i q11:.r ,, •• m';/;l,~j ,1• ,,1 , \ ,\\ ~O:fp- _ - -:> 
, /If 11'1/1"iY II 
I ,~I_ !rt';jl11) ,il'j\"l,11 -
1-=---· -~-
•/ \ 1,./ \,J~r! 1f1\1JJ•i11 ..'._!I•~~---=--:=-=-✓--~.::;-:- --5 
; , I 'K' '.;,ll\i~i" :1~1'1 - • <" -'? .. :;_s _.,. 
1, , \ \ ~;'.1.! I 1\1\\ /1•il -,,~ d:Mffi 111~11l;;111!il~1 p D f d 
1'1I lrtJ1t~,f' a 
11)'1~· 11'11 f/11\111_ -
1i, /111 1 II ~ 
I 'I ~-
Reconstructed Blackstone lower delta plain environments depicting distributary channel breach 
(crevasse channel),and crevasse splay - interdistributary bay-fill sedimentation, as interpreted 
from Upper Blackstone Submember, Sequence A and Subsequence B2 lithofacies. 
4.412 
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Subsequence A2: CREVASSE CHANNEL FILL-
SUBAQUEOUS LEVEE. 
A shoaling delta plain succession of crevasse 
channel, levee and muddy swamp deposits is recorded in 
Subsequence A2 (box 10, core 3). 
A channel fill sequence (indicated by the 
sharp basal contact overlying lignite, and upward fining 
texture), of probable crevasse channel origin is indicated by 
the relatively small channel dimensions (as indicated by the 
trhickness and sedimentation structures, cf. 4.313), and 
proximal relationship to a comparatively major d,istributary 
channel (Subsequence Al, box 10, core 2-1 - box 9, core 5-3). 
Floodwaters breached the levee bordering the 
distributary channel, creating a crevasse channel to discharge 
sediment laden floodwaters, cf. paleogeographic reconstruction, 
Fig. 4.11. 
The upper part of Subsequence A2 is represented 
by Lithofacies Vsq, predominantly burrowed silty clay, inter-
calated with lenticular laminae of silt and ripple laminated 
clay. These sediments are similar to 'clay layers' deposited 
in semi-stagnant delta channels (cf. Coleman, Gagliano and Webb, 
1964, p.246 and Plate lD), and are also similar to natural levee 
sediments (cf. Elliot, 1974, p.613). Discontinuous silt ripples 
indicate pulsatory currents perhaps related to flood and low 
water stage levels. Uppermost, richly carbonaceous sediments 
(Lithofacies Spd) record the colonization and establishment of 
a swamp forming association. 
4.42 
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SEQUENCE B: POORLY DRAINED INTERDISTRIBUTARY 
BAY TO CREVASSE SPLAY BAY-FILL 
Subsequence Bl: POORLY DRAINED INTERDIS-
TRIBUTARY BAY 
Black muds of Lithofacies IBpd accumulated in 
shallow, ponded waters of interchannel lows - interdistributary 
1 bays • Interdistributary bay environments are areally extensive 
1 The usage of interdistributary bay terminology 
to include delta plain lakes, ponds, lagoons and bays of other 
workers follows Coleman, Gagliano and Webb (1964, p.252) and 
Elliot (1974, p.612). They applied the term to include areas 
between deltaic distributaries, irrespective of whether the 
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Comparative core photos of Mississippi River delta 
interdistributary bay deposits and inferred 
interdistributary bay deposits from borehole d2054, 
Upper Blackstone Submember. 
a. Mississippi delta interdistributary bay 
deposits, primarily silts and silty clays with 
abundant lenticular laminae (after Coleman and 
Prior, 1980, p. 52). 
b. Lithofacies IBpd, richly organic clayshale 
overlain by Lithofacies IBpdo and IBpd-Pd 
(mudshale intercalated with lenticular laminae 
of bioturbated silt). d2054, box 13, core 1. 
Same scale as c. 
c. Lithofacies IBpdo, d2054, box 14, core 1. 




on modern lower delta plains (accounting for their frequency 
in the Upper Blackstone Submember), where muddy floodwaters 
(effluent of the delta system) choked by suspended sediment 
accumulate (Coleman, Gagliano and Webb, 1964, p.252; Coleman 
and Prior, 1980, p.50). Subtle colour and textural strati-
fication (similar. to varve-like couplets), are attributed to 
differential settling influenced by fluctuations in current 
velocity and changes in water chemistry. 
The distinctive suite of sedimentation features 
described for Lithofacies IBpdo may be attributed to wind 
generated waves (cf. Coleman and Prior, 1980, p.50), or to the 
flow of floodwaters into the otherwise restricted interdis-
tributary bay. Silty lenticular laminations formed as starved 
ripples on a muddy bottom disrupting normal bay sedimentation. 
Elsewhere, e.g. box 11, core 4-3, the 
transition from Lithofacies IBpd to IBpdo (indicative of the 
intermittent encroachment of floodwaters into the inter-
distributary bay), is succeeded by coarser beds (Lithofacies 
IBpd-Pd) generated by incursions of coarser sediment into the 
interdistributary bay system. Modern analogues with similar 
distinctive upward coarsening sequences deposited in inter-
distributary bays are attributed to crevasse splay deposition 
(cf. Subsequence B2, 4.422). 
Relative proximity of the depositional site to 
the focal point of splay distribution can be determined by bed 
or laminae thickness, and related sedimentation structures. 
An illustrative comparison of core from d2054 with Mississippi 
River delta interdistributary bay sites is portrayed by Fig. 
4.12. Two patterns of interaction between the crevasse splay 
system and interdistributary bay sedimentation are illustrated 
by Upper Blackstone Submember core. 
(a) the suite of cores illustrating Lithofacies IBpd-Pd, are 
attributed to interdistributary bay sedimentation dominated 
by terrigenous sediment introduced from a crevasse channel. 
(b) Subsequence B2 sedimentation (described in 4.422). 
By comparison with Subsequence B2, the sedimen-
tation regime of Lithofacies IBpd-Pd was a relatively low energy 
event, which possibly occurred near the distal edge of the 
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crevasse splay, (indicated by alternating layers of silty sand 
and shale). Distal crevasse splay sedimentation (of Lithofacies 
IBpd-Pd type) may result in partial filling (shallowing) of 
the bay (cf. box 13, core 1 - box 12, core 5) where silty clay 
(Lithofacies IBpd-Pd to Swd) of interdistributary bay - well 
drained swamp origin forms the upper unit grading into the 
poorly drained swamp (Lithofacies Spdo). Complete infilling 
and emergence of the interdistributary bay occurred where 
Lithofacies Spd immediately overlies Lithofacies IBpd-Pd 
(cf. box 11, core 3). The successional vegetative association 
(Lithofacies Spd-Stl) once established hindered further pro-
gradation of terrigenous sediment. A similar constructional 
succession of crevasse splay infilling is described by Elliot 
(1974, p.613). 
4.422 Subsequence B2: CREVASSE SPLAY, BAY-FILL 
SEDIMENTATION 
Upward coarsening Subsequence B2 is attributed 
to interdistributary bay-fill sedimentation by prograding 
crevasse splay distributary (crevasse channel) mouth bar facies. 
Crevasse splay or bay-fill sedimentation is areally extensive 
on the Mississippi lower delta plain. There, crevasses breach 
the main distributary, prograde into, and progressively infill 
the interdistributary bays which are often completely surrounded 
by marsh or distributary channels (Coleman and Prior, 1980, 
p.50-53). 
Fine to coarse sandy subsequences described 
from box8, core 4-1; and box 12, core 3, initially coarsen 
upward from thin silty sand and silt laminae intercalated with 
interdistributary-bay shales and silty clay (Lithofacies PDfd). 
Coleman and Prior (1980, p.57-58) relate the increasing grain 
size of bay-fill sequences to the increase in current velocity 
concomitant with the progradation of the distributary-mouth • 
bar into the bay. A similar grain size-velocity relationship 
is tenable where crevasse channels 6r crevasse splay lobes pro-
gressively advance into interdistributary bays. The very sandy 
sediments (Lithofacies Pp; box 8, core 3-1), may characterize 
sedimentation in close proximity to the crevasse channel mouth 
bar. Characteristic features indicative of distributary-mouth 
bar sedimentation described by Coleman, Gagliano and Webb 
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(1964, p.249) and Coleman and Prior (1980, p.58) are, 
however, not preserved in the sandy unconsolidated cored 
interval represented by box 8. 
The abrupt termination cif coarse splay sedimen-
tation and immediate resumption of 'passive' well drained 
interdistributary bay sedimentation (Lithofacies IBwd; in box 
12, core 3-2), and well drained swamp sedimentation (Litho-
facies Swd; in box 8, core 1), reflect the sudden abandonment 
of a temporary (possibly ephemeral flood discharge) ~revasse 
channel. 
The resumption of 'passive' interdistributary 
bay sedimentation is characterized by a higher inorganic content 
(primarily clay) than the pre-crevasse stage sedimentation. 
The sedimentation rate remained low, indicated by the extensive 
burrow traces (e.g. box 12, core 2) disrupting carbonaceous 
rippled laminations. 
In box 8, core 1 and box 7, core 5 and 4, 
extensive root structures (Lithofacies Swd) persist immediately 
above the sandy sequence (Lithofacies Pp), indicating extensive 
infilling and shallowing of the interdistributary bay during 
crevasse splay sedimentation. The sediments of Lithofacies Swd 
are comparable with deposits attributed to well drained swamp 
environments described by Coleman (1966) from the Mississippi 
River system, Ethridge and Jackson (1980, p.23) and Ethridge, 
Jackson and Youngberg (1981, p.203) from Eocene Wasatch 
Formation. 
To summarize, transformation from an inter-
distributary bay to a peat swamp environment is initiated b¥ 
crevasse splay sedimentation. In box 8, detrital filling of 
the bay by crevasse splay sedimentation served to form a shallow 
platform on which swamp plants became established. 
In box 12, insitu plant matter is absent from 
the clayey sediments (Lithofacies IBwd) overlying the sandy 
crevasse splay sequence. Presumably, the water depth was 
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Reconstruction of the Blackstone lower delta plain, showing lithofacies relationships of 
Upper Blackstone Submember strata. 
4.43 
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SEQUENCE C: LOWER DELTA PLAIN:POORLY DRAINED 
MUDDY SWAMP - HERBACEOUS SWAMP -
FOREST SWAMP SUCCESSION 
(cf. paleogeographic reconstruction, 
Fig. 4.13) 
Highly carbonaceous clay and muddy beds of 
Lithofacies Spd and Lithofacies Spdo are attributed to 
deposition in a poorly drained muddy swamp environment. 
Richly organic clays accumulate in marsh 
environments (for example the modern Missis.sippi River delta), 
because the inorganic content of the discharged water is so 
high that well developed peats to not form (Coleman and Prior, 
1980, p.48). 
Similar muddy swamp deposits are widely repre-
sented in the Upper Blackstone Submember, occurring in a number 
of identifiable geographical niches commonly marginal to a peat-
forming swamp succession. Poorly drained muddy swamp deposits 
constitute the concluding phase of sequences attributed to: 
(a) Crevasse or distributary bay-fill environments where 
swamp plants colonize the shallow sedimented splay plat-
form (Sequence B); 
(b) Interdelta bay environments, where bays are sufficiently 
shallow for plants to root and progressively colonize 
sediment infilled areas (Sequence D); 
(c) Delta plain channels (Subsequences Al and A2). 
The numerous patterns of seam splits reflected 
by E log characteristics from the Johnstone #4 to #8 beds in 
the Home Hills Coal Sector (cf. Fig. 4.14) are attributed to 
the variable niches represented by Lithofacies Spd, Spdo and 
Stl on the interdistributary delta plain setting (cf. paleogeo-
graphic reconstruction, Fig. 4.13). 
Deltaic plain marshes typically occur at or near 
water level, and are vulnerable to periodic flood events. Silty 
sand occurring as occasional lenticular laminae or as thin beds 
(in Lithofacies Spdo) attest to the periodic overtopping and 
inundation by floodwaters during periods of swamp destruction. 
Disrupted beds and soft sediment deformation structures (in 
Lithofacies Spdo) result from the compaction and associated 
dewatering of the organic muck. 
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Lignite beds (Lithofacies Stl) represent a 
succession of peat-forming floras. An association dominated 
by reeds accumulated in an open swamp (now represented by splits 
of the Johnstone #4). Elsewhere (in the thicker Johnstone #5) 
a mixed arboraceous vegetation (indicated by the size, type 
and state of preservation of the vegetal debris - a humotelinite, 
humodetrinite mixture), formed under dryer conditions in a 
forest swamp association. Under dryer aerobic conditions 
lignin rich woods (e.g. many conifers) are better preserved (as 
humotelinite), than cellulose rich tissues (e.g. angiosperms) 
that rapidly decompose to humic detritus (humodetrinite). 
The abrupt lateral change from back-swamp peat-
forming facies to fluvial sandy facies indicates a relatively 
stable drainage system of distributary channels (Subsequence Al) 
through the peat swamp. 
4.44 SEQUENCED: WELL DRAINED (INTERDELTA) BAY 
Lithofacies Bwd (in Sequence D) is distinguished 
from the superficially similar well drained swamp facies (Litho-
facies Swd) by the low percentage of organic debris, colour, 
absence of roots (except where they penetrate down from Litho-
facies Swd), and slightly coarser muddy sediment. Sediments 
of Lithofacies Bwd accumulated in a low energy, well drained 
open water environment, possibly in an interdelta bay. Locally, 
the interdelta bay shallowed to a depth at which plants could 
temporarily root, (e.g. box 3, core 3). 
Kanes (1970, p.101) describes similar (grey to 
reddish brown) silty clay accumulating in bay centre facies of 
the Colorado River delta, Texas. 
The clay rich lithologies are characterized by 
a subtle small scale slickensiding pattern, typically associated 
with clay that fails to retain its shape during compaction 
(Nelson and Bray, 1970, p.60). 
4.45 SEQUENCE E: WELL DRAINED SWAMP - CREVASSE SPLAY 
Lowermost, Lithofacies Swd (cf. box 21, core 3-1) 
is indicative of a well drained swamp environment that is corre-
latable with borehole E log signatures over a wide area, and 
immediately overlies a long-lived peat-forming back-swamp 
(Lithofacies St2). Intensive burrowing (cf. box 21, core 3), 
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particularly at the well drained - poorly drained swamp inter-
face indicates a slow rate of inorganic sedimentation in a 
shallow swamp environment. The succession of events indicates 
that the peat-forming back-swamp platform was shallowly sub-
merged by a rising water level. 
The eventual destruction of the widespread 
swamp environment was initiated by the sequence of events 
described for the origin of Lithofacies Pp-CRin (below). 
The overall upward coarsening characteristics 
df Lithofacies Pp-CRin (box 21, core 3-1 and box 20, core 5-1) 
are indicative of crevasse splay sedimentation prograding 
across a shallow swamp. Initial sandy crevasse splay deposits 
were accompanied by abundant wood and comminuted plant debris. 
Deposition was rapid, and burrowing greatly reduced, in 
contrast to the preceding well drained swamp environment. 
Higher in the sequence, the well sorted sands with small scale 
trough cross-stratification, are characteristic of crevasse 
splay sedimentation near prograding distributary-mouths 
described by Coleman and Prior (1980, p.58) from the Mississippi 
delta. In box 20, the sequence of trough cross-stratified sands 
interbedded with burrowed silts may respectively characterize 
splay regimes of rapid deposition (possibly near the channel 
exit), and finer vertical accretionary (overbank, possibly 
bounding levee or subaqueous bar top) sediments with a lower 
sedimentation rate. These sedimentation regimes are character-
istic of crevasse splay lobes (cf. Elliot, 1974). The uppermost 
sediments characterized by abundant organic detritus including 
numerous small logs (perhaps constituting a log jam), and finer 
grained poorly sorted sediments reflect the final infilling 
and waning current flow associated with cessation of splay 
sedimentaion. Reversion to in situ peat accumulation (Litho-
facies St2, Sequence G, e.g. box 19, core 5) proceeded on the 
raised, slowly subsiding crevasse splay platform. 
In summary, rapid crevasse splay sedimentation 
partially infilled the well drained swamp, building a shallow 
water platform on which a peat-formirg swamp (Lithofacies St2) 
could flourish. 
A similar pattern of sedimentation to the 
sequence described·above, but devoid of sediments of crevasse 
channel-fill origin is represented by box 19, core 1 and box 
18, core 5-4. 
4.46 
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SEQUENCE F: SWAMP WASHOVER TO LEVEE 
SUCCESSION 
The carbonaceous fine grained vertical 
accretionary Sequence F represents the progressive building 
and progradation of levee sediments over a poorly drained 
swamp (af. box 14, core 5-2). Initially, high water levels 
overtopping channel marsins inundated the peat swamp inter-
mixing terrigenous 'flood' sediment with accumulating peat 
(Lithofacies Spdo). Interbeds of dark richly carbonaceous clay 
(Lithofacies Spd) formed in a poorly drained swamp (devoid of • 
'coarse' sediment) between overwash events that contributed 
sediment for Lithofacies Spdo sedimentation. Levee building 
by the differential over-topping of the channel margins is 
indicated by Lithofacies Vsq. Linsen laminae (in Lithofacies 
Vsq), indicate pulsatory sedimentation of flood overwash events 
(characterized by silt and sand deposition), separated by 
waning events (characterized by clay deposition). 
4.47 SEQUENCE G: UPPER DELTA PLAIN: 
HERBACEOUS SWAMP - MIXED HERBACEOUS 
AND FOREST SWAMP - FOREST SWAMP 
SUCCESSION 
A relatively long-lived forest swamp type 
vegetation dominated the flora of this peat-forming sequence. 
A fluctuating water table is indicated by the mixed herbaceous -
forest swamp association (af. Fig. 6.13 for an explanation). 
This association developed as a short-lived intraswamp 
association during higher water levels (than occurred in the 
forest swamp), or as a longer lived association by the well 
drained swamp facies of Sequence E, (af. box 19, core 3-2). 
Periodically, a herbaceous (reed dominated) swamp association 
grew in response to short-lived high water levels. During 
periodic flood events (af. Sequence H), terrigenous (sandy) 
sediment and plant debris were washed into the peat swamp. Thin 
liptinite rich beds accumulated from the suspended concentrate 
as floodwaters waned. 
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4.48 SEQUENCE H: PEAT SWAMP FLOOD DEBRIS 
High ash coals (of Lithofacies Sto (1)) 
represent former sandy peat sediments, resulting from terri-
. genous sediments intermixed with peat during short-lived wash-
over incursions into the peat swamp. Similarly, Staub and 
Cohen (1979), have observed terrigenous sediment washed over 
levees and intermixed with peat during flood events in the 
Snuggedy Swamp. 
Liptinite rich coal (Lithofacies Sto (2)) 
transitionally overlying Lithofacies Sto(l) (e.g. box 25, core 
5-4) may originate from the settling of suspended spores and 
other hydrogen-rich plant detritus (precursor of liptode-
trinite) onto low-lying flood plains as waning floodwaters 
slowly recede. Locally, intermixed logs (e.g. box 24, core 5), 
were similarly stranded by the receding floodwaters. This 
concentrate was probably derived from inland swamp vegetation 
that was scoured by the floodwaters, and deposited as overbank 
detritus along the margins of the delta plain swamp. Burrow 
mottled structures (not distinguished in other (in situ) lignite 
lithofacies), may further attest to the allochthonous origin of 
Lithofacies Sto(2) and Sto(3). Coal of similar depositional 
origin is not known to the writer, but active interdistributary 
regions of the modern Mississippi delta have an extremely high 
content of reworked spores and pollens (Coleman and Prior, 1980, 
p.50). It would not be unreasonable to expect spore rich con-
centrates in the suspended load of channels amidst extensive 
tracts of delta plain swamp-land. 
Ligniferous strata characterized by minor coarse 
terrigenous sediment intermixed with spores near the base of 
Lithofacies Sto(2) (e.g. box 25, core 1 - box 24, core 5), or 
represented only by liptinite rich Lithofacies Sto(3) (e.g. box 
24, core 4 and 3) are attributed to the sedimentation of flood-
waters (choked with spores, pollens and similar plant detritus) 
lapping onto peat swamp-land further from the active current 




REGIONAL PALEOGEOGRAPHIC APPRAISAL 
GENETIC STRATIGRAPHIC EVALUATION 
The vertical succession of sequences described 
from d2054 are largely representative of the areal pattern of 
Blackstone Member sequences throughout the Home Hills area 
(cf. cross-section, Fig. ~.14 and Appendix 3, Fig. 7). In the 
Hawkdun area, this pattern varies in thickness and lateral 
extent, particularly where pronounced facies differences relate 
to the transition with alluvial plain environments of the 
Fiddlers Member. 
Two major environments are distinguished from 
a genetic viewpoint. These may also serve as an economically 
significant twofold division. 
(a) Lower Blackstone Submember; Upper delta plain - lower 
alluvial plain dominated by peat-forming back-swamps. 
Thick economically significant coal seams separated by thin 
partings characterize E log patterns. 
(b) Upper Blackstone Submember; Lower delta plain, represented 
by repetitive, interdigitating sequences indicative of 
relatively short-lived peat swamps, well drained swamps, 
interdistributary bays, levees breached by crevasse splays, 
and distributary channels. The temporal and spatial 
variability of these environments on the lower delta plain 
are indicated by a complex erratic E log pattern. Numerous 
thin coal seams occur and vary in quality. 
A complete deltaic facies pattern (cf. Miall, 
1979) can not be interpreted from current borehole information 
from the Hawkdun and Home Hills areas. The current areal 
distribution of boreho-les does not extend sufficiently lakeward 
(southward) of the lower delta plain in the Home Hills area to 
incorporate bounding delta front and prodelta facies, and it is 
therefore impossible to determine the full extent and 
configuration of the delta. However, isolated boreholes further 
south (d2011 and d2014 cf. Fig. 1.2), intersect strata (laterally 
equivalent to Blackstone Member), of lacustrine origin with E log 
characteristics of prodelta - delta front sequences (cf. Fig. 4.15). 
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BLACKSTONE COALFIELD FIG. 4.14 
SCHEMATIC N.W.-S.E. CROSS-SECTION FROM HAWKDUN COAL SECTOR TO HOME HILLS COAL SECTOR. 
STRATIGRAPHIC RELATIONSHIPS RECONSTRUCTED. 
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4.52 THE BLACKSTONE DELTA - A DELTAIC PLAIN MODEL 
The BZackstone deZta refers to a receding, but 
constructive vertically accreting delta system, characterized 
by an extensive vegetated delta plain, located in the Home 
Hills - Hawkdun area (cf. paleogeographic reconstruction 
Figs 4 .13 and 4 .18a, 18b,. 18c). 
During initial delta development peat-forming 
swamps progressively occupied part of the Fiddlers flood-plain 
(Fig. 18a), and formed an extensive delta plain (Fig. 18b). 
Widespread peat accumulation on the delta plain was favoured 
by a stable distributary channel network, suitably high water 
levels (discussed below) and a low energy ~bounding' lacustrine 
environment. Lower delta plain (Upper Blackstone Submember) 
strata progressively onlapped over the upper delta plain 
(Lower Blackstone Submember) strata, as the delta receded in 
response to the transgressing lake shore (cf. Fig. 18c). Peat 
accumulated almost continuously in the part of· the upper delta 
plain farthest from the lake margin. 
Development of the Blackstone delta differs 
from classical continental shelf deltaic models in which the 
delta progrades as a elastic wedge over offshore strata into 
a pre-existing ope~marine basin. The lacustrine delta model 
described for the Blackstone Member illustrates in part a 
reversed pattern of facies changes as compared with continental 
shelf deltaic models. 
High water levels on the Blackstone delta plain 
were critical for maintaining the continued accumulation of 
peat. High water levels were delicately maintained, governed 
by the quantity of water and sediment added to the closed (Lake 
Manuherikia) basin, the accumulation rate of peat, and sub-
sidence and compaction rates in delta plain and lake basin 
environs. If the rise in water level of the expanding lake 
exceeded the rate of delta plain accretion, gradual submersion 
(drowning) of the delta plain occurred, accompanied by 
cessation of peat development. The transgressing shoreline of 
the expanding lake is recorded from strata immediately over-
lying the Blackstone Member (e.g. in boreholes d2064 and 
d2094). In the Home Hills Coal Sector, uppermost beds of the 
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Johnstone Seam progressively split and diminish in thickness 
towards the littoral parts. of the delta. 
The quality and distribution of borehole data 
are too limited to define a pattern of offset delta lobes, 
indicative of the various sites of maximum terrigenous 
sedimentation. Similarly, .the delta sequences recognized from 
core in the Home Hills and Hawkdun area are positioned too far 
landward to contain thin bounding deposits (cf. Coleman, 
Gagliano and Webb, 1964; and Coleman and Prior, 1980, p.38), 
normally most pronounced near the shoreward margin on abandoned 
(inactive) delta lobes, where submergence and sediment reworking 
would be most pronounced. 
4.53 MODERN AND ANCIENT DELTA ANALOGUES: 
A COMPARATIVE ASSESSMENT 
Modern delta plains, long recognized as principal 
sites of thick peat accumulation, have extensive marshes and 
swamps covering up to 90% of the plain (Fisher et ai., 1969). 
A pattern of facies similar to that described 
for the Upper Blackstone Submember occurs on the subaerial 
lower delta plain of the Mississippi River system (Frazier and 
Osanik, 1969; Gould, 1970; Coleman and Wright, 1975; Coleman, 
1976; Coleman and Prior, 1980), and on the Holocene Guadalupe 
delta (Donaldson et al., 1970). Ancient analogues with similar 
characteristics ascribed to a delta plain origin or specifically 
designated lower delta plain deposits include the Allegheny 
Formation deposits of the Appalachian Carboniferous (Ferm and 
Cavaroc, 1968; Horne et al., 1978); Pennsylvanian Coffeyville 
Formation of northern Oklahoma (Visher et ai., 1975); 
Cretaceous Blackhawk Formation and Star Point Sandstone in the 
Wasatch Plateau, Utah (Flores, 1979); Carboniferous Breathitt 
Formation, Pikeville, Kentucky (Baganz et al., 1975); 
Pennsylvanian coal beds of Illinois (Wanless et ai., 1969); 
Carboniferous Yoredale Series of northern England (Moore, 1958, 
1959); Upper Cretaceous Ferron Sandstone Member of Utah (Cotter, 
1975; Ryer, 1981); and the Carboniferous Hartshorne Formation 
of the Arkoma Basin (Houseknecht and Iannacchione, 1982). 
On the Recent Fraser River delta complex, 
thin lenticular peat deposits are accumulating on the distal 
lower delta plain, and thicker more laterally extensive peat 
deposits are accumulating between the upper and lower delta 
plains and on the alluvial plain (Styan and Bustin, 1983). 
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Extensive thick peat deposits (similar to Lower Blackstone 
Submember strata) are accumulating in 'protected' inland 
swamps of the Mississippi upper delta plain (Louisiana 
coastal plain, Frazier and Osanik, 1969, p.78-79) ~ Muddy 
and sandy partings in accumulating peat beds described by 
Frazier and Osanik represent crevasse, natural levee and flood-
plain sediments. Johnstone Seam partings £rom .the Lower 
Blackstone Subrnernber are of similar origin. 
Ancient delta plain strata have o£ten been 
recognized as one 0£ the most important commercial coal-
producing environments (Ferm, 1976 in Flores, 1979, p.228; 
Weimer, 1976). Locally thick (up to 10 metres) laterally 
discontinuous coals occur in the eastern Kentucky Carboniferous 
upper delta plain-fluvial deposits described by Horne et al., 
(1978, p.2391), and an upper delta plain origin is confirmed by 
Taylor (1981, p.228) for these deposits enclosing the Hazard 
#7 Coal. In the transitional zone between the lower and upper 
delta plain deposits of the eastern Kentucky Carboniferous, 
thicker, more widespread coals developed on interdistributary 
bay-fill platforms (H:®J:me et al., ;l.978, P.2391, · p.2395 ), similar to 
Subsequence B2 and Sequence E of this thesis. These are 
economically the most important coal seams of the Appalachian 
region. Howell (1980) describes thick upper delta plain coal 
bodies from the Upper Pennsylvanian Allegheny Formation of 
southern West Virginia. 
4.6 
4.61 
CORRELATION AND FACIES DETERMINATION OF JOHNSTONE SEAM 
JOHNSTONE SEAM (NEW): DEFINITION AND USAGE 
The numerous coal beds occurring in the Home 
Hills and Hawkdun area (cf. Figs 4.14 and 4.16) can be corre-
lated with one major coal seam formally referred to here as the 
Johnstone Seam (new). The name is derived from Johnstones Creek 
which flows from the northern boundary of the Home Hills Coal 
Sector north-west to Falls Dam. Borehole d2092 in the northern 
Hawkdun area (NZMG' 2 265 372.4 5 599 516) best illustrates ·the 
unity of the Johnstone Seam beds. d2092 E log is designated 
the reference section for the Johnstone Seam. Johnstone Seam 
splits are formally identified by designated numbers (cf. Figs 
4.14 and 4.16). 
Establishing a detailed regional stratigraphic 
succession from the complex pattern of lithostratigraphic units 
comprising the Blackstone Member is achieved by correlating the 
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FIG. 4.16 
FENCE DIAGRAM DEPICTING JOHNSTONE SEAM CORRELATIONS. 
HA WK DUN COAL SECTOR, BLACKSTONE COALFIELD. 
RESTORED STRATIGRAPHY. cf. FIG.4.2 FOR LOCATION OF BOREHOLES. 
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various E log patterns of coal beds. E log data in cross-
sections (Figs 4.14 and 4.16) demonstrate the widespread 
continuity of Johnstone Seam beds (at least 18km). 
4.62 STRATIGRAPHIC AND FACIES EVALUATION OF 
JOHNSTONE SEAM 'SPLITS' 
Areally extensive and long-lived peat swamps 
dominated Lower Blackstone Submember deposition. 
In the northernmost part of the Hawkdun Coal 
Sector, very thick peat deposits accumulated almost uninter-
rupted in a back-swamp environment. The resulting abnormally 
thick coal sequence (approximately 80-90m thick between d2092 
and d2093, cf. Fig. 4.14). is entirely assigned to the Lower 
Blackstone Submember. Numerous thin mudstone, organic shale 
and high ash coal partings were deposited, possibly formed from 
suspended sediment of flood-waters that periodically choked the 
back-swamp. This area was sufficiently distant from the delta 
shoreface, and the deposits exhibit sufficient criteria to be 
assigned an upper delta plain-lower alluvial plain origin. 
Immediately south of this extensive peat swamp 
depocentre, Johnstone Seam progressively splits southward and 
westward into the laterally equivalent Fiddlers Member, 
represented by a large fine grained flood-plain, locally 
colonized by vegetation. The coal character and the pattern of 
coal partings in the area of d2062 to d2093 (cf. Figs 4.14 and 
4.16) are recognized as the upper delta plain facies (E log 
signatures are identifiable with patterns correlated with.core 
at d2054). In the transitional upper delta plain-lower alluvial 
plain zone (cf. Figs 4.14 and 4.16) terrigenous partings increase 
in thickness and number. Thick coal seams are localized, some-
times cut out by channel washouts or rapidly fingering into thin 
high ash coal beds, carbonaceous shale and carbonaceous muds. 
(These organic 'stringers' (cf. Obernyer, 1980, p.41), 
recognized by their characteristic E log signatures and corre-
latable over long distances, provide the key to identifying coal 
beds from one coal-forming setting to another). The coal part-
ings thicken towards the Fiddlers Member alluvial plain 
indicating that at least part of the upper delta merged into a 
major fluvial flood-plain dominated by flood-basins and swamp 
environments throughout the coal accumulation and burial process. 
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Enclosing bed partings near the peat swamp depocentre (e.g. 
d2097, Fig. 4.16) merge as thin carbonaceous shales of 
diminished thickness. Bed splits and 'thick' partings due 
to overbank and crevasse splay sedimentation are significant 
near the alluvial plain sequence (cf. d2098, Fig. 4.16). 
Lowermost, the Johnstone #1 bed may disappear (cf. d2098, 
Figs. 4.16 and 4.17) where 'washed out' by channel cutting 
(sand of the uppermost St Bathans Member), or where topographic 
'highs' on basement (e.g. d2063, illustrated in cross-section, 
Fig. 4.17) inhibited continuous peat accumulation of the 
Johnstone #1 bed. 
The Lower Blackstone Submember thins shoreward 
(southward) over a distance of approximately 16km from a thick-
ness of 70-90m in the northern Hawkdun area, to 35-45m in the 
Home Hills area (cf. Fig. 4.14). Thick, laterally persistent 
upper delta plain coal beds (Johnstone #1-#3) are overlapped by 
relatively thin Upper Blackstone Submember (lower delta plain) 
coal beds of discontinuous erratic character (Sequence C, 
Johnstone #4-#8) in the southern Hawkdun and Home Hills area (Fig. 
4.14). In the northern and western parts of the Hawkdun area 
Johnstone #4-#8 beds are enclosed by either Fiddlers Member or 
Lower Blackstone Submember strata (cf. Fig. 4.16). Peat-
forming lower delta plain swamps in the Home Hills Coal Sector 
·(represented by Johnstone #4-#8, Fig. 4.14) interdigitated 
with interdistributary bays, poorly drained and well drained 
swamps, and locally were eroded by channels and inundated by 
overbank splay and bay-fill sediments. 
The occurrence and preservation of coal-forming 
peats in the lower delta environment was probably due to: 
(a) The lack of vigorous wave action at the lakeward edge of 
the delta plain. The waves were usually unable to rework 
or inundate vegetated areas beyond the delta plain fringe. 
{b) Distributary channels were confined by well developed 
levees, preventing distribution of a large proportion of 
the suspended sediment onto the delta plain before it 
reached Lake Manuherikia. For example, the major dis-
tributary channel represented by Subsequence Al (box 10-9 
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and south-west (in d2039) by poorly drained interdistributary 
bays and swamps, including peat swamps (as determined from E 
logs) that were occasionally overtopped by crevasse splay silts 
and sands (cf. Fig. 4.2 for location of boreholes). A modern 
analogy can be drawn with the Mississippi delta plain where 
peat-forming environments occur adjacent to leveed channels, 
contrasting with the unleveed Mekong River delta channel, from 
which a large proportion of the suspended sediment is deposited 
overbank before it reaches the sea, and peat forming environ-
ments are poorly developed (Kolb and Dornbusch, 1975). 
The regional pattern of a luxuriant vegetated 
landscape ranging from open fresh-water herbaceous swamps to 
closed canopy forest swamps during Blackstone Member deposition 
was favoured by the overall low relief, a regional hydrodynamic 
regime dominated by low energy shallow water depositional 
environments, and, importantly, a wet, warm-temperate climate 
(Mildenhall, 1977a, 1977b). 
FIGS 4.18a, 4.18b & 4.18c 
Models depicting stages in the development of the 
Blackstone delta - a receding, constructive, vertically 
accreting delta system. 
FIG. 4.18a 
Stage 1 (initial development). Peat-forming swamps encroach 
over infilled flood-basins on part of the Fiddlers plain 
proximally located to the Lake Manuherikia shore. 
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FIG. 4.18b 
Stage 2. A stable distributary channel network is established 
and extensive peat deposits accumulate on the delta plain. 
Interdistributary bays abound on the lower delta plain. 
FIG. 4.18c 
Stage 3. Lacustrine deposits (Bannockburn Formation) 
progressively onlap over delta plain deposits (Blackstone Member) 
as the delta recedes in response to the transgressing lake shore. 
Thick peat deposits continue to accumulate on the part of the 
delta plain farthest from the lake shore. 
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0 - 4 m QUATERNARY GRAVEL 
4-3lm. Numerous v.f. silt - c. silt laminae 
intercalated with olive black - very dark 
grey massive mud beds. Vivianite nodules 
conuron. Chondri tes abundant. 
31-4lm. Olive black - brownish black massive 
mud,silt laminae rare. 
41-58m. Olive black - very dark grey mud, 
frequently intercalated with ripple laminae 
of v.f. silt (commonly including disseminated 
carbonaceous detritus). Chondrites common. 
58-83m. Fissile olive black mud. Silt laminae 
rare, Occasional small carbonaceous 
fragments. 
83-92.Sm. Mud characterized by alternating black to 
dark olive grey laminae. Fissile. Silt laminae rare. 
92.S-109m. Mud with very dark grey - dark grey laminae 
alternating with olive black - black laminae. 
Commonly 'flecked' by silt and carbonaceous fragments. 
Silty laminae common in the lower half of the____ynit. 
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OLD WOMAN MEMBER (NEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTERISTICS 
The Old Woman Member is a distinct fluvial 
plain entity, laterally equivalent to the Fiddlers Member, and 
now preserved only in the Nevis graben. Three widely spaced 
boreholes (located in Fig. 5.1, D.S.I.R. D.H. l; d2026, d2052) 
indicate a consistent thickness of l00m. Old Woman Member 
unconformably overlies schist (basement) and conforrnably under-
lies Nevis Oil Shale Member1 (cf. Figs 5.2 and 5.7). 
The unit name is derived from the Old Woman 
Range which lies irµrnediately east of the northern portion of the 
Lower Nevis Valley flats (cf. Fig. 5.1). The Old Woman Member 
is synonymous with the Coal Measure Member of Williams (1974). 
The latter name - is rejected because it does not incorporate a 
geographic name. 
Three submembers are recognized on the basis 
of lithology and lateral variability of lithologies. The Type 
Section for all submembers is core from borehole D.S.I.R. 
D.H. 1. G.R. F42 2 194 9 5 553 3. cf. stratigraphic column, 
Figs. 5.2 and 5.3. 
(a) Lower Old Woman Submember (new) - in D.S.I.R. D.H. 1. it 
constitutes the lower 33m of the Old Woman Member. Lower 
Old Woman Submember lithologies are highly variable and 
laterally discontinuous. In D.S.I.R. D.H. 1. 24m of coal 
(Sequence F, representing the Ben Nevis Seam) occurs. 
Laterally equivalent strata (cf. Fig. 5.6) are represented 
by gravelly sand or sand (Sequence D, 28m thick in d2026) 
and mud (Sequence E, 30m thick in d2052). 
(b) Middle Old Woman Submember (new) - overlies the Lower Old 
Woman Submember. It comprises a laterally continuous 
(30-34m thick) succession of muds (sometimes carbonaceous) 
and sands, alternating on a scale of a few centimetres to 
2 metres (cf. Sequence C). 
1Nevis Oil Shale Member of Bannockburn Formation (overlying Old 
Woman Member cf. Fig. 5.2) represents sediments deposited in a 
shallow freshwater area, referred to in this chapter as Nevis 
Bay. Nevis Bay was probably a restricted embayrnent of Lake 
Manuherikia. Nevis Oil Shale Member is not described further 






View south across the Nevis Flats Coal Sector. Westward dipping 
Homestead Seam shallowly underlies area dotted with hay rolls. 
Craigray homestead at left, Ben Nevis homestead in distance. 
Coal Creek Basin arrowed. Old Woman Range in near background. 
--
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(c) Upper Old Woman Submember (new) - overlies the Middle Old 
Woman Submember. It is represented by a laterally wide-
spread (up to 25m thick) coal-bearing succession (Homestead 
S earn cf. 5 . 11 ) . 
These three submembers are recognized in the 
same stratigraphic order in boreholes d2026, d2052 and D.S.I.R. 
D.H. 1. (cf. Fig. 5.6). 
Numerous exposures of the Old Woman Member occur, 
however outcrops of non-coal-bearing strata· exhibit less than a 
£ew metres of section, and as such are of limited value for 
sedimentologic studies. Descriptive analyses (cf. Table 5.1) of 
Old Woman Member sequences are therefore primarily defined from 
cored borehole D.S.I.R. D.H. 1. Borehole depths presented in 
this chapter without reference to a locality refer to depths on 
the stratigraphic column in Fig. 5.3 from borehole D.S.I.R. D.H. 1. 
Bedform structures are not easily identified due 
to the small diameter size of core (3.3 and 5cm), and the 
generally homogeneous fine grained texture. Sequences are 
distinguished by a certain degree of organisation, defined by 
the repetitive ordering of lithofacies, and by vertical variations 
of grain size (defining upward fining and coarsening sequences). 
Contacts between lithofacies within a sequence are primarily 
gradational, both in grain size and colour changes. 
5.11 DEFINITION AND USAGE OF OLD WOMAN MEMBER COAL 
SEAMS 
(a) Ben Nevis Seam (new): Type Section; D.S.I.R. D.H. 1. cf. 
stratigraphic column Figs 5.2 and 5.3. Named after nearby 
Ben Nevis Peak and Ben Nevis homestead. The seam occurs in 
the Lower Old Woman Submember and is 24m thick at the type 
section. It is probably correlatable with lignite beds 
lying a few metres above weathered schist (basement) at 
Doolans Saddle (F~g. 1.3) and Coal Pit Saddle (Gibbston), 
4.5km and 12km respectively north of D.S.I.R. D.H. 1. 
(b) Homestead Seam (new): Type Section; D.S.I.R. D.H. 1. cf. 
stratigraphic column Figs 5.2 and 5.3. The name is derived 
from Craigroy and Ben Nevis homesteads which are located in 
the immediate vicinity of shallowly subcropping Homestead 
Seam (cf. Fig. 5.4). The seam is 22m thick at the type 
section, and occurs in the Upper Old Woman Submember, 
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immediately underlying Nevis Oil Shale Member (cf. Fig. 5.7). 
It also occurs in boreholes d2026 and d2052 and crops out 
in Coal Creek, 50m upstream of the bridge at G.R. F42 957491. 
Homestead Seam crops out at Ritchie's Pit, and is probably 
correlatable with coal at the abandoned Dell Creek Mine 
(cf. locality map Fig. 5.1). It shallowly underlies the 
Nevis Flats immediately north and south of Ben Nevis home-
stead (cf. Fig. 5.4) and crops out nearby in the Nevis 
River at G.R. F42 950502. The seam was exposed in 1977 
near Dell Creek (G.R. F42 954531)by a bulldozer · cut(af. 
Fig. 5.5). 
Fig. 5.5 View west to Ben Nevis peak. 
Dell Creek (or Nevis Burn) in lower foreground. 
Manuherikia Group strata are deformed into an 
asymmetric syncline. -Bulldozer cut in 
foreground exposed westward dipping limb of 
Homestead Seam (HS) overlain by Nevis Oil Shale 
Member (OS). The highly deformed, steeply 
dipping western limb is represented by strata 
at Shale Ridge (SR) and is faulted against the 
western uplifted schist block. Dell Creek Coal 
Sector incorporates the area underlain by the 
15°-23° d i pping eastern limb. Rig at the site 
of D.S.I. R. DH.l (arrowed). Spoil at site of 
Ministry of Works and Development investigatory 
pozzolan pit indicated (PP). 
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5.2 NOMENCLATURAL CORRELATION TABLE 
Table 5.1 Old Woman Member nomenclatural correlation. 
Description, environmental evaluation, sequence and stratigraphic 
designation of Old Woman Member lithofacies recorded from cored borehole D.S.I.R. 
D.H. 1 (Lower Nevis Valley), G.R. F42, 2 194 9 5 553 3. Lithofacies and sequence 
symbols referred to are annotated on the detailed stratigraphic column (Fig. 5.3). 
Lithofacies description 
Sandstone, medium-silty sand or silt 
uppermost. Very well sorted to 
moderately sorted. Light grey to 
dark greyish brown. Locally lim-
onitized-light yellowish brown to 
dark yellowish brown. Burrow mott-
ling locally common. Bedforms not 
identifiable in core. Sharp base. 
Occasionally clay clasts or poorly 
sorted coarse sand occur near the 
lower contact. Bed sets <.6m thick. 
Sandstone, coarse-silty very fine 
sand. Occasionally silty clay. 
Very poorly sorted-well sorted. 
Grey-light grey. Upward fining. 
Sharp, often scoured (erosive) base 
and gradational top. Occasional 
burrows. Minor fragmented carbon-
aceous detritus locally. Bed sets 
.15-.5m thick. 
Silty clay (poorly sorted)-sandy 
silt or very fine sand (well sorted). 
Grey to white. Upward coarsening. 
Gradational base, sharp top . 
. 18-.32m thick. 
Dark greyish brown, clay to silt 
interlaminated or thinly bedded with 
light grey fine to very fine sand. 
Burrows and carbonaceous detritus 
common .. 2-.4m thick. 
Silt (medium to fine)-clayey silt. 
Grey to greyish brown. Locally 
poorly sorted-intermixed with sand 
grains. Homogeneous. Gradational 
base, sharp or gradational top. 
Occasional burrows. Small root 
















































Clay-silty clay. Light grey to 
dark greyish brown. Homogeneous. 
Gradational base. Sharp 
(scoured) or gradational top. 
Upward fining. Burrows and small 
root traces occur locally. 
. 01-1. 6m thick. 
Slightly to moderately carbon-
aceous clay, grey to dark brown. 
Homogeneous. Occasional leaves. 
Small root traces and stems very 
common. Gradational lower con-
tact •. 05-2.0m thick. 
Richly carbonaceous clay, very 
dark brown to very dark grey. 
Homogeneous, or laminated with 








small root traces .. QS-3.0m thick. 
Coal. Hard brown coal to sub-
bituminous Crank. Black 
(SYR 2.5/1) to very dark brown. 
Primarily represented by the Ben 
Nevis and Homestead Seams . 



































5.3 DESCRIPTION OF LITHOFACIES SEQUENCES 
Nine lithofacies have been defined. They are 
. grouped into six genetically related lithofacies associations 
(sequences) summarized in .the nomenclatural correlation table 
(5. 2) • 
5.31 SEQUENCE A: SANDY DISTAL BRAIDED CHANNELS 
(201-.195m in Fig. 5.3) 
Sequence A comprises an upward fining cycle, 
incorporating Lithofacies Ca and FN. e.g. 200.76-200.lm. These 
cycles are generally less than .6m thick. 
Lowermost, L~ thofacies Ca (typically ... 1-. Sm 
thick) comprises medium to very fine sands that fine upward 
into non-carbonaceous thin silt beds. The latter are partially 
limonitized and burrow mottled, and capped by thin (.01-.lm 
thick) mud beds of Lithofacies FN. 
Thick units of Lithofacies Ca (e.g. 198.7-197.4m 
andl95.7-195.05m) may represent a number of incomplete 'remnant' 
·' 
Sequence A cycles. Lithofacies FN, and possibly part of Litho-
facies Ca have been eroded from these cycles. 
Cycles of Sequence A constitute the lower 5 
metres of D.S.I.R. D.H. 1. 
5.32 SEQUENCE B: UPWARD FINING SANDY TO MUDDY 
MEANDERING CHANNEL 
(2.5m thick. e.g. 195-192.Sm in 
Fig. 5. 3) 
Sequence B comprises a distinct upward fining 
cycle positioned between the sandy distal braided channels of 
Sequence A and the overlying, richly carbonaceous swamp facies 
of Sequence F. 
Lowermost, thinly bedded, brown to grey, medium-
fine sands (Lithofacies Ca), are floored by a scoured erosive 
lower surface and include associated lag detritus and clay 
clasts. Overlying. very dark. grey to ~ark grey silts (Litho-
facies ~N and Vsq) are thinly bedded, texturally variable 
(clayey silt to sandy silt), and locally interlaminated with 
lenticular sandy laminae (linsen laminae) • Dark. greyish brown 
carbonaceous mud (Lith6facies Spd), restricted to the upper part 




SEQUENCE C: FINE GRAINED (PREDOMINANTLY MUDDY) 
FLOODr'PLAIN AND MEANDERING CHANNEL 
(164.5-13lm in Fig. 5.3) 
Sequence C is divisible into three subsequences 
( a complete sequence), or into two subsequences (an incomplete 
sequence). A complete sequence comprises upward fining Sub-
sequence Cl succeeded by: upward coarsening Subsequence C2, 
overlain by upward fining Subsequence C3. Complete sequences 
are typically up to 3.6m in thickness. Sequence C character-
istically occurs in stacked cycles represented by a 30-34m thick 
succession of predominantly muddy sedim•ents. This succession is 
laterally extensive (occurring in boreholes D.S.I.R. D.H. 1., 
d2026 and d2052) and is readily identifiable from the gamma log 
by the erratic trace of thin cycles of upward fining and upward 
coarsening lithologies (cf. Fig. 5.6). Sequence C strata 
represent the entire Middle Old Woman Submember. 
5.331 Subsequence Cl: Cyclic upward fining, channel 
fill-overbank succession 
Upward fining sand to mud succession, represented 
predominantly by Lithofacies Cm and FN or Cm, Cn and FN, or less 
commonly by Cm, Vsq and FN. These successions are typically 
.35-2.0m thick, and dominated by fine grained Lithofacies Cn-FN 
and FN. 
Lowermost, Lithofacies Cm, constitutes a thin 
(.15-.5m thick) bed of fine sand to muddy sand, typically 
floored by a scoured surface, and occasionally including lag 
deposits or intraformational conglom'erate. Sedimentation 
structures are not discernible from core. Lithofacies Cm is 
gradationally succeeded by Lithofacies Cn-FN (poorly sorted mud 
dominated lithofacies, locally intermixed with sand grains) 
succeeded by Lithofacies FN (homogeneous, silty clay-clay). 
Alternatively, Lithofacies Cm may be directly overlain by Litho-
facies FN, or (more rarely), Cm may be succeeded by a thin bed 
(.2-.4m thick) of burrowed linsen laminae of clayey silt to silt 
and very fine sand (Lithofacies Vsq), succeeded by Lithofacies 
FN, e . g. 13 5 .1-.13 5 . 8m. 
5.332 Subsequence C2: Cyclic upward coarsening, flood-
basin and crevasse splay 
succession 
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A comparatively condensed (.18-.32m thick) 
succession incorporating the transition from Lithofacies FN to 
P, e~g. 159.75-160.05m. 
Subsequence C2 incorporates Lithofacies P only, 
and gradationally coarsens upwards from Subsequence Cl to 
Lithofacies P (silt to very fine sand). Uppermost Lithofacies P 
is ·abruptly terminated by the lower apparently planar contact 
with the overlying Subsequence C3. 
5.333 Subsequence C3; Cyclic upward fining, flood-
basin and well drained swamp 
succession 
Subsequence C3 is dominated by mud, and varies 
from .8-2.5m thick. A complete cycle of Subsequence C3 comprises 
Lithofacies FN to Swd, e.g. 157.2-159.75m. 
A comparatively thick homogeneous silty clay 
(Lithofacies FN) abruptly overlies sand of Lithofacies P (Sub-
sequence C2). Uppermost these muds transitionally grade into 
carbonaceous clay often with rootlets (Lithofacies Swd), or, 
where the subsequence is incomplete, they are abruptly terminated 
by coarser sediments (silty sands) of Lithofacies Cm, Sub-
sequence Cl, e.g. 151.75-153m. 
5.34 SEQUENCED: GRAVELLY SAND AND SANDY BRAIDED 
OR ANASTOMOSED CHANNELS 
Sequence Dis crudely upward fining, and 
dominated by gravelly sand to sand beds. Sequence Dis not 
represented by core or outcrop, but is interpreted from the 
borehole cuttings and E log pattern of d2026. Fig. 5.6 
illustrates the E log pattern of stacked cycles of Sequence D 
(cumulative thickness 28m) from d2026. 
The lowermost part of the sequence typically 
comprises 3-4 metres of gravelly sand to sand .(Li thofacies Ca) 
which fines uppermost into thin muddy beds <lm thick. 
The E log signature for Sequence Dis similar 
to the E log pattern for some St Bathans Member sequences, 
interpreted £rem out-cropping strata as predominantly a 
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SEQUENCE E: MUDDY, WELL DRAINED SWAMP AND 
FLOOD-BASIN 
Sequence Eis 30m thick in d2052 and consists 
of greenish grey (rarely pale brown to brown carbonaceous) mud, 
primarily silty clay and clay which is typically homogeneous 
and very micaceous. 
Sequence Eis primarily interpreted from the 
E log pattern illustrated in Fig. 5.6 from d2052, associated 
borehole cuttings, and from small slumped or decrepit outcrops 
of laterally equivalent sediments, immediately south-east of 
d2052 in Long Gully. 
5.36 SEQUENCE F: PEAT-FORMING SWAMP AND RICHLY 
CARBONACEOUS POORLY DRAINED MUDDY 
SWAMP 
Sequence Fis represented dominantly by coal 
beds (Lithofacies St) irregularly interbedded with thin (.01-.Sm 
thick) beds of carbonaceous mud (Lithofacies Spd). This 
succession is primarily represented by the Ben Nevis Seam (up 
to 24m thick in D.S.I.R. D.H. 1) and the Homestead Seam (22-25m 
thick in d2052 and D.S.I.R. D.H. 1). 
Lithofacies Spd immediately underlies both the 
Ben Nevis Seam and Homestead Seam in D.S.I.R. D.H. 1. Litho-
facies Spd is typically represented by very dark grey to very 
dark brown clay or dull earthy very dark greyish clay, often 
disrupted by small scale slickensiding. These muds are homo-
geneous, some containing an abundance of carbonaceous fragments 
including well preserved leaves and grasses, and sometimes 
irregularly stratified by vitrain laminae. Rootlets are 
commonly preserved, particularly in the less common dark greyish 
brown clay. 
Carbonaceous muds grade up into black to very 
dark brown coal beds (a few centimetres to 15m thick) of hard 
brown coal-sub-bituminous Crank. A wide range of coal litho-
types are distinguishable by texture (e.g. fine . grained and 
homogeneous fissile coal), floral composition (e.g. abundant 




Coal of uppermost Homestead Seam overlain (above the 
40 cm mark) by black and very dark brownish black 
clayshale of lowermost Nevis Oil Shale Member. Core 





DEPOSITIONAL ENVIRONMENTS: INTERPRETATIVE ANALYSES 
OF LITHOFACIES SEQUENCES 
SEQUENCE A: DISTAL BRAIDED ALLUVIAL PLAIN 
Sediments of Sequence A (sands and minor mud) 
were deposited within the channel zone on the lower or marginal 
reaches of a braided alluvial plain. 
Distinguishing elements include: 
(a) Erosional scouring and locally associated intraformational 
sediments or lag concentrates in lowermost Lithofacies Ca 
(sands) interpreted as shallow channel deposits. 
(b) Superimposed (multi-storey) possibly truncated upward 
fining sequences dominated by sands. Distal sandy 
braided deposits commonly have upward fining cycles (Rust, 
1978, p.605). Grain size decreases upwards as the channel 
aggrades and becomes inactive. 
(c) Thin mudstone 'caps' suggestive of only minor overbank-
flood-plain sedimentation. (Braided streams are not 
characterized by large flood-plains.) These muds (Litho-
facies FN) accumulated periodically and were later partially 
or completely eroded by channels. 
(d) Oxidized sediment (in Lithofacies Ca and FN), may relate to 
a low water flow phase. 
Sequence A does not correlate closely with the 
vertical profiles of braided river deposits described by Miall 
(1977b, 1978), but may be a variant of sandy distal braid 
sequences of the South Saskatchewan type (cf. Rust, 1978), 
described by Cant and Walker (1978) and illustrated in Fig. 2.28. 
The sedimentation features of Sequence A are inadequately 
portrayed in available core. It is therefore not possible to 
more accurately assess the origin of Sequence A. 
5.42 SEQUENCE B: MEANDERING CHANNE.L 
Upward fining profiles such as described for 
Sequence Bare a characteristic feature of the 'classic' 
meandering channel point-bar sequence (cf. Allen, 1963a, 1964). 
The relatively thick fine grained Lithofacies (FN, Vsg and Spd) 
are perhaps the most diagnostic lithogenetic units correlatable 
to the .meandering system. Trough cross-stratified sandy sedi-
ments described as characteristic of basal portions of numerous 
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meandering stream profiles are not discernible in the lower 
sandy deposits (Lithofacies Ca) of Sequence B. 
The variation among published meandering 
channel profiles is attributed to variations in channel geometry 
and hydrologic regime (cf. Bluck, 1971; Jackson, 1976; Stewart, 
1981; Bridge and Jarvis, 1982}. The sandstone profile for 
Sequence B resembles profiles of sandstone bodies interpreted 
as meander channels from the Lower Cretaceous Sudmoor Point 
Sandstone Member, Southern England, by Stewart (1981, Figs 9, 
A, Band C). Further, levee-like interlaminated silt and sand 
(Lithofacies Vsq), are similar to levee deposits accumulating 
adjacent to meandering channels (cf. Jackson, 1976, 1978; 
Stewart, 1981). Similar deposits also occur in the upper parts 
of point-bars (Stewart, 1981, p.14). 
Irrespective of the precise mode of channel 
sedimentation, the succession (Fig. 5.3, 194.4-192m) from Litho-
facies FN to Vsq (flood-basin and levee deposits) to Spd (poorly 
drained muddy swamp deposits) to St (peat swamp deposits) was 
deposited during progressively shallowing water levels that 
occurred as the channel migrated laterally from the site 
represented by D.S.I.R. D.H. 1. 
5.43 SEQUENCE C: FINE GRAINED FLOOD-PLAIN AND 
MEANDERING CHANNEL SYSTEM 
Each complete cycle of Sequence C exhibits a 
continuum of facies that reflects channel, overbank-flood-basin 
deposits (Subsequence Cl), crevasse splay deposits (Subsequence 
C2), and flood-basin deposits (Subsequence C3). 
5.431 Subsequence Cl: Meandering channel and overbank 
to flood-basin 
The upward fining sand to mud s~ccession (Litho-
facies Cm-Cn-FN) are deposits of meandering channels and adjacent 
flood-basins. 
Lithofacies Cm (poo~ly sorted sandy sediments 
with lag concentrates succeeded by finer sediments) is ascribed 
to channel erosion and filling (assuming the thickness of the 
coarser sediments of Subsequence Cl approximately equals bankfull 
depth (cf. Leeder, 1973, p.265)). The channels possess a more 
substantial mud content (suggesting a higher suspended load) 
than indicated by 'classical' facies models for meandering streams. 
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Uppermost finer grained muddy sediments (Lithofacies FN) are 
interpreted as interchannel flood-basin deposits. Occasional 
beds of interlaminated clay and sand (Lithofacies Vsq) between 
Lithofacies Cm and FN are vertically accreting channel levee 
deposits (of. Allen, 1964, p.168). 
5.432 Subsequence C2: Crevasse splay 
The coarsening upward succession (Lithofacies FN 
to P) superimposed upon Subsequence Cl records the progressive 
incursion of coarser sediment of probable crevasse splay origin,· 
which spilled into the flood-basin. Aggradation of the immediate 
flood-basin area resulted (of. 5.435). Termination of crevasse 
splay sedimentation is recorded by the abrupt change of flood-
basin sedimentation at the contact between Subsequence C2 and C3. 
5.433 Subsequence C3: Flood-basin and well drained 
swamp 
The sedimentation of flood-basin deposits 
represented by the simple upward fining succession of Subsequence 
C3 is directly influenced by the location of channels (Litho-
facies Cm). Decreasing grain size suggests reduced current flows, 
effected by the lateral migration of channels. Where current 
flow and sedimentation rates were sufficiently reduced and water 
depth sufficiently shallow, plant colonization of the flood-
plain occurred (Lithofacies Swd) in a setting comparable with 
the well drained swamp facies of Coleman (1966), e.g. between 
157.2-158.9m. Incomplete sequences (represented by Lithofacies 
FN only, e.g. 151.7-153m) resulted when erosive laterally 
migrating channels (akin to Lithofacies Cm, Subsequence Cl), 
interrupted flood-basin sedimentation. This event initiated the 
development of a new cyclic sequence. 
Subsequence C3 does not always succeed deposits 
of Subsequence Cl and C2 (e.g. 139.6m). Each new sequence was 
initiated by erosion and sedimentation from a new channel that 
terminated sedimentation of the previous sequence at uppermost 
Subsequence C2 (i.e. immediately succeeding crevasse splay 
sedimentation), or .at any stage during the development of 
Subsequence C3. 
5.434 Modern and ancient meandering stream systems -
a comparative assessment with Sequence C 
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Sequence C although of £luviatile origin, is 
not readily identifiable with well established vertical profile 
models related to braided, meandering and anastomosing channel 
systems. The preservation of lithofacies constituting 
Sequence C is high (i.e. complete cycles are common). This is 
a characteristic of late~ally accreting meandering deposits and 
is not normally associated with braided fluvial systems. The 
overall fine grain size, .and lesser proportion of the lower 
coarse (primarily sandy) component readily distinguish the 
upward fining cycles of Subsequence Cl from the more familiar 
vertical profiles of meandering channel deposits described by 
Allen (1963a, 1964, 1970). Depositional patterns of upward 
fining meandering stream deposits which differ from these more 
classical profiles are poorly known. 
Only recently have detailed sedimentary character-
istics of ancient extensive fine grained low-lying flood-plain 
environments been recorded. Notable examples have been 
documented from the Fort Union Formation, N.W. Colorado 
(Beaumont, 1979); Tongue River Member, Fort Union Formation, 
Wyoming (Flores, 1980; Ethridge et al., 1981); Brownstones -
highest Lower Old Red Sandstone of South Central Wales 
(Tunbridge, 1981); and the Devonian Cunningsburgh Peninsula, 
S.E. Shetland (Allen, P.A., 1982). Sedimentological character-
istics of modern predominantly muddy suspension-load channels 
and their immediate flood-plain setting are little known. 
Relevant contributions relate to studies of the very low-
gradient suspended-load Barwon River, New South Wales (Taylor 
and Woodyer, 1978; Woodyer et al., 1979); the arid-zone ana-
stomosing fluvial system of Cooper's Creek, Central Australia, 
comprising a mud-dominated succession, with minor isolated 
channel sands (Rust, 1981); and the muddy fine grained freely 
meandering streams of Illinois, Indiana and Wisconsin (Jackson, 
19 81) • 
Lithofacies analysis of Sequence C cycles 
(cf. 5.431, 5.432, 5.433) indicates the interaction between 
channel migration and overbank incursions upon a muddy flood-
plain surface. Bridge and Leeder's (1979, p.635) scepticism, 
and Jackson's (1981) caution, that the lower coarse member 
(i.e. Lithofacies Cm) thickness need not necessarily equal 
bankfull depth within the 6onfines of a channel was considered. 
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Observations of Recent muddy fine grained meandering streams 
of the American Middle West (Jackson, 1981) reveal that fine 
member sediments resembling classical 'overbank' deposits, may 
accrete laterally within the bankfull channel. However, the 
distinctive repetitive trace of Sequence C cycles on E logs 
indicates a persistently thick (30-34m) interval of Sequence C 
strata areally extensive over 4km between boreholes d2052 and 
D.S.I.R. D.H. 1 (cf. Fig. 5.6) more consistent with a flood-
plain setting containing meandering streams. 
5.435 Geomorphic development of a proposed meander-
belt - flood-plain model 
A proposed model (cf. Fig. 5.8) for the 
development of Sequence C requires; 
(a) The confinement of the channel course to a narrow meander 
belt. Low elevated flood-plain terraces (equivalent to 
the alluvial ridge of Fisk, 1947) were constructed from 
the aggradation of channel fill and overbank (levee and 
flood-basin) sediments comprising Subsequence Cl (i.e. 
Lithofacies Cm, Cn-FN, Vsq and FN respectively). 
(b) Subsequent channel instability, effected by the increasing 
elevation difference between the alluvial ridge and the 
surrounding flood-plain resulted in crevassing (represented 
by the upward coarsening splay deposits of Lithofacies P, 
Subsequence C2). Crevassing and/or avulsion altered the 
channel course away from the alluvial ridge. 
(c) Overbank flood-basin to well drained swamp environments 
(Lithofacies FN and Swd, Subsequence C3) developed on the 
abandoned meander belt site. 
(d) The channel system (represented by Subsequence Cl) re-
established on the lower flood-plain surface, 
5.44 SEQUENCED: BRAIDED OR ANASTOMOSING CHANNEL 
SYSTEM 
E log patterns comparable with Sequence D have 
been obtained from braided alluvial plain facies of the St 
Bathans Member (Chapter 2). The complex succession of Sequence 
D cycles (indicated by the E log trace of d2026, Fig. 5.6), may 
similarly represent sedimentation dominated by channel and bar 
features. The lateral impersistence of this sequence (it is 
recognized only in d2026) is consistent with deposition in a 
restricted fluvial tract. An aggrading braided or anastomosing 
river system is indicated (cf. 5.521). 
5.45 SEQUENCE E: WELL DRAINED SWAMP - FLOOD-BASIN 
Shallow submerged flood-basin to well drained 
' 
DEVELOPMENT OF SUBSEQUENCE C2 
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Model depicting changes in the hydrologic regime of the lower to middle Old Woman alluvial plain 
as interpreted from Middle Old Woman Submember, Sequence C ·1ithofacies. 
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swamp environments are inferred for Sequence E from limited 
data (of. 5.35), and in particular from comparison with similar 
E log signatures calibrated with d2054 core from Fiddlers 
Member, and interpreted there as well drained swamp (Lithofacies 
Swd} and flood-basin (Lithofacies FN} deposits. 
5.46 SEQUENCE F: PEAT-FORMING SWAMP A.ND POORLY 
DRAINED MUDDY SWAMP 
Widespread peat-producing swamps (Lithofacies 
St), representing herbaceous swamp to forest swamp associations 
merged marginally with poorly drained peat-free swamps (Litho-
facies Spd). Locally, the comparatively open water swamp 
association (Lithofacies Spd) interdigitated with the forest 
swamp (Lithofacies St) and was sometimes marginally associated 
with intraswamp meandering channel overbank sequences (e.g. 
partially flanking channel san~s; d2026, 41-44m, Fig. 5.6). 
Factors governing the distribution and continuum 
of the long-lived (Ben Nevis and Homestead Seam) peat producing 
swamp associations are examined more fully in section 5.532. 
The proximity of contemporaneous active channels restricted the 
lateral extent of the Ben Nevis peat-forming swamp. Frequently 
peat deposition was interrupted by channel or associated over-
bank deposits. Widespread more persistent colonization by 
Homestead Seam peat-forming associations (during the concluding 
phase of Old Woman plain sedimentation) was favoured by 
permanently high water-table conditions. Locally, the Homestead 
peat swamp was interrupted by temporary minor channel distrib-
utaries. Submergence of the swamp by the transgressing Nevis 
Bay terminated Homestead peat formation. 
5.5 
5.51 
REGIONAL PALEOGEOGRAPHIC APPRAISAL 
DEPOSITIONAL FRAMEWORK SUMMARY 
In summary, lithofacies sequence patterns are 
sufficiently resolved from electric logs and cored borehole 
(D.S.I.R. D.H. 1) information to depict an alluvial plain 
framework., Distinctive depositional suites identified include 
a braided and/or possibly anastomosing river system (Sequence 
A and D); two meandering channel systems, one surrounded by a 
muddy flood-plain (S~querice C), and the other (Sequence B) 






LOWER OLD WOMAN SUBMEMBER 
ANASTOMOSED SYSTEM 
d 
,.,.. ~~-:-~~~ o?'.'.?l~ --#? - -- ~_: --- - ~;;.:::.-~- - ,..,,-.,,.a 
, ~'::· 
0
.,,r- ,,-,......,..-..--.-: ,......~- --;:_:;::'7::rr-a ~~r£-,\ir,-1-1-<~'t~"~~----,-=;::::.: 
y~rYr-: r ~~~£,.....: . ~- - ~1 .rr-~ ,· '!'~,-
,; ,-. ,;::~~· "'' -= ·"" . .. ·· ~. - ,.-: ~---=· 


















FIG. 5.9 Reconstruction of the Old Woman alluvial plain , showing lithofacies relationships 
of anastomosed and meandering f luvial systems. 
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The following sequence - facies relationships are established; 
(a) Sequences A and D: the thick, gravelly sand to sand 
succession (Sequence D, in d2026), possibly arranged in a 
narrow shoestring body represents major braid or ana-
stomosing channels. Laterally, thinner sand dominant 
facies with well developed cyclicity (Sequence A), repre-
sent a lower energy, shallower braid channel system 
distally located with respect to the major channels of 
Sequence D. 
(b) Sequence C: vertically aggrading, laterally extensive 
muddy flood-basins (Sequence c, Lithofacies FN) were 
irregularly transversed by laterally aggrading sluggish 
meandering streams (Lithofacies Cm) or inundated by crevasse 
splay sediments (Lithofacies P) spilling muddy sands and 
fine sands into the flood-basin. 
(c) Sequence B: a laterally accreting probably freely meander-
ing channel (Lithofacies Ca), surrounded by a swampy 
landscape (Lithofacies Spd and St). 
(d) Sequence F: areally extensive long-lived peat producing 
herbaceous swamp and forest swamp associations (Lithofacies 
St), locally interdigitated with comparatively short-lived 
(open-water bodies of) poorly drained muddy swamp 
associations (Lithofacies Spd). 
5.52 GENETIC EVALUATION OF THE OLD WOMAN ALLUVIAL 
PLAIN MODEL 
(cf. paleogeographic reconstruction, Fig. 5.9) 
A major regional subdivision of the Old Woman 
Member into three submembers (af. Fig. 5.2) is consistent with 
a pronounced change in the depositional environments recorded 
from vertical (cored borehole and E log) profiles. 
5.521 Lower Old Woman Submember: Lower to middle 
alluvial plain (30-33m thick) 
The Lower Old Woman Submember exhibits a laterally 
variable association of alluvial plain environments. Multi-
storey sandy beds, consisting of a series of superimposed 
channels (Sequence D) are 28m thick in d2026, Fig. 5.6. Two 
kilometres east at d2052 stratigraphically equivalent basal 
sediments are represented entirely by fine grained flood-plain 
deposits (Sequence E). Four kilometres further north at 
D.S.I.R. D.H. 1 (Fig. 5.6), stratigraphically comparable sediments 
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represent shallow, distal braided channel deposits (Sequence A), 
poorly drained muddy swamps and peat-forming swamps (Ben Nevis 
Seam). Coal beds of the Ben Nevis Seam cropping out at iso-
lated localities north and west of D.S.I.R. D.H. 1, at Doolan's 
Saddle (cf. Fig. 1.3), Gibbston (Coal Pit) Saddle, and the 
Plankburn Valley provide ~vidence for a relatively long-lived 
(though not necessarily laterally continuous), peat swamp over 
a wide area (up to 20km distant). 
On available (admittedly limited) borehole data 
the relationship of the channel deposits of Sequence D to 
bounding deposits of thick mud (Sequence Eat d2052) and thick 
richly carbonaceous sediments (Sequence Fat D.S.I.R. D.H. 1) 
may indicate an anastomosed fluvial system for these deposits. 
The anastomosed system is characterized by low gradient, rapidly 
aggrading channels and 'wetlands'. This system (discussed in 
2.411.11) is best described by Smith and Smith (1980), Smith and 
Putman (1980) and Smith (1983). It comprises narrow, stringer-
like interconnected channels and adjacent extensive 'wetland' 
environments that cover 60-90 percent of the system. Their 
deposits consist of thick multi-storied stacks of upward fining 
cycles (similar to Sequence D), and equally thick fine grained 
terrigenous sediments and peats (similar to Sequence E and F). 
The cohesiveness of the fine grained (often 
rooted) flood-plain sediments and peat swamp vegetation may have 
resisted channel bank degradation sufficiently to maintain channel 
stability, a contributing factor recognized by Smith and Smith 
(1980), for confining anastomosed channel systems. 
Deposition of the thick sands (of Sequence D) by 
a braided fluvial system (cf. 5.44), similar to that proposed 
for the sand sequences of the St Bathans Member (Chapter 2) may 
have occurred. While the anastomosed stream model may prove a 
valid analogue for the Lower Old Woman Submember, on the limited 
borehole information available, the · regional geometry of 
Sequence D deposits cannot be adequately assessed, and such an 
interpretation must presently be left unresolved. 
5.522 Middle Old Woman Submember: Muddy lower-middle 




The Middle Old Woman Submember is dominated by 
muddy flood-plain deposits (Lithofacies FN, Sequence C), across 
which meandering streams with a fine sandy load migrated 
(Litho£acies Cm). 
The thick composite succession of upward £ining 
and upward coarsening fine grained sediments (of Sequence C) 
are suggestive of laterally and vertically accreting sedimen-
tation on an extensive muddy £lood-plain. Upward fining cycles 
(Subsequence Cl) incorporate sediments of sinuous, shallow 
channels, and overbank levee and flood-basin facies. Crevasse 
splay sediments, represented by upward coarsening cycles 
(Subsequence C2), were periodically discharged into muddy flood-
basins (Lithofacies FN). 
5.523 Upper Old Woman Submember: 'Abandoned' lower 
alluvial plain (36-22m thick) 
Almost total abandonment of flood-plain 
alluviation is recorded by the succession of Upper Old Woman 
Submember. A long stable period characterized by high water 
levels and confined terrigenous sedimentation on the flood-
plain during Upper Old Woman Submember deposition favoured the 
growth of a swamp flora and preservation of thick peat deposits, 
now represented by the Homestead Seam. 
Poorly drained muddy swamps and long-lived peat-
forming swamps dominated the landscape. Intra-peat swamp 
meandering streams (cf. d2026, 41-44m, Fig. 5.6) and associated 
overbank fine sediment (cf. d2026, 37-4lm, 44-5lm; and d2052, 
52-56m, Fig. 5.6) locally interrupted Homestead Seam peat 
accumulation. Uppermost Homestead Seam peat accumulated marginal 
to a lacustrine shoreline, where the peat-forming vegetation was 
ultimately inundated by the transgressing lake. 
5.53 ANALYSIS OF SEDIMENTATION CONTROLS - WITH 
REFERENCE TO FACTORS CONTROLLING PEAT (COAL 
SEAM) DISTRIBUTION 
The pattern of Old Woman Member sedimentation 
represents a broad upward fini~g trend modified by local auto-
cyclic depositional processes. Sediment yield was initiated by 
tectonic (allocyclic) movement (probably uplift) beyond or on 
the margin of the alluvial plain. 
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5.531 Lower Old Woman Submember regime 
Sediment was primarily dispersed by low-
sinuosity distributary channels (of Sequence D and A). 
Regional stratigraphic thicknesses and correlations (cf. Fig. 
5.6) indicate that these channels (unlike those of the St 
Bathans Member) were not confined to paleovalleys eroded into 
the underlying schist surface. Adjacent to these channels, 
muddy flood-plain (Sequence E) and poorly drained swamp 
(Sequence F, peat-producing Ben Nevis Seam) environs were main-
tained in balance with the primary sediment dispersing (channel) 
tracts by autocyclic controls. Channel bank stability may have 
been maintained by the high mud content of overbank sediments 
and the resistant root network of vegetated swamp environments. 
5.532 Middle Old Woman Submember regime 
In sharp contrast, the Middle Old Woman Submember 
is represented by mud-dominated distinctly less heterogeneous 
sediments of Sequence c. Channel sedimentation was primarily 
confined to meander belt zones from which sediment was dis-
charged onto an adjacent low relief aggradational flood-plain. 
Overall (in comparison with the Lower Old Woman Submember), 
diminished discharge patterns are indicated. Textural character-
istics, reduced physiographic features (channels were shallow 
with only minor entrenchment), inferred lower load and slope 
indicate an allocyclic control overshadowing the autocyclic 
regime. 
5.533 Upper Old Woman Submember regime 
Progression towards a period of negligible 
terrigenous sedimentation continued into the Upper Old Woman 
Submember, where channel sediment and water discharge were 
drastically reduced. Infilled flood-basins (of Sequence C, 
Lithofacies FN) were widespread and provided a relatively stable 
'platform' that was colonized by a swamp flora. Homestead Seam 
peat swamps extended £rom the margin of the 'sediment starved' 
Nevis Bay over the iow gradient 'abandoned' lower alluvial plain, 
where water levels conducive for peat accumulation and preser-
vation occurred. Predictably, prograding alluvial shore£ace 
deposits are absent. Homestead Seam peat accumulation was 
locally discontinued by autocycllc processes. Meandering dis-
tributary channels interrupted the peat accumulating process, 
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causing terrigenous splits in the Homestead Seam (cf. d2026, 
d2052, Fig. 5.6). 
Other examples of very thick peat deposits 
accumulating on the margin of lacustrine environments are 
described by Falini (1965), Hacquebard and Donaldson (1969), 
Heward (1978) and discussed in 7.41. Regionally extensive, 
thick (Homestead Seam) peat accumulation was favoured by the 
stable physical conditions prevailing. The area contributing 
the major supply of sediment since the earl.iest phase of Old 
Woman Member sedimentation must have been sufficiently subdued, 
and the gradient of the alluvial tract sufficiently low for the 
Old Woman catchment area to have been almost totally removed 
from terrigenous sediment supply. In addition, rates of sub-
sidence and plant (peat) accumulation must have been in 
equilibrium. 
In contrast, Ben Nevis Seam peat environments 
were discontinuous, accumulation was governed by autocyclic 
processes at the early phase of Old Woman Member sedimentation, 
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Roxburgh East Coal Sector. View south to Roxburgh township (A), and Old Man Range 
(B). McPherson Seam shallowly underlies gravels of the higher terrace east of the 
Roxburgh East - Hydro Dam road (C). Fruit growing areas primarily occupy the lower 
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TEVIOT MEMBER CNEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTERISTICS 
The known distribution of Teviot Member strata 
is fully included within the Teviot Survey District. 
Two lithologically distinctive, but 
genetically related submembers are described for the Teviot 
Member. 
(a) Lower Teviot Submember (new) Type Section: 
Harliwich's open-cast mine, Roxburgh West Coal Sector 
G.R. G43 213192 cf. Fig. 6.3. Lower Teviot Submember 
(33-85m thick) comprises richly carbonaceous strata, 
almost entirely of lignite beds assigned to the McPherson 
Seam (new). Only locally are the lignite beds inter-
bedded with richly carbonaceous mud. 
(b) Upper Teviot Submember (new) Type Section: 
Cored borehole d2071, Roxburgh East Coal Sector. 
N.Z.M.G. 2 222 804.7 5 515 520.9 cf. stratigraphic 
column Fig. 6.4. Upper Teviot Submember strata (at least 
50m thick) incorporate two principal sediment types. 
Organic-rich black shales (massive or laminated) are 
interstratified with generally non-carbonaceous fine-
grained sediments. These consist predominantly of 
laminated clays, and less commonly, of laminated clays 
interlaminated or interbedded with beds of silt or fine 
sands, and beds of fine to medium sand. 
Teviot Member strata have been identified only 
from the Roxburgh Basin (cf. Fig. 6.1; Appendix 2, Fig. 1). 
The areal lithofacies distribution, variation and thickness of 
Teviot Member are best known from subsurface (E log) data from 
the Roxburgh East Coal Sector. The Teviot Member typically 
overlies a 20-40m thick succession of interbedded poorly 
sorted muddy granular sand (fine conglomerates), sands, and 
poorly to richly carbonaceous muds and clays, tentatively 
assigned to the Fiddlers Member. Locally (e.g. d2086, d2087), 





Fig. 6. 3 
" 
( 
Highwall in Harliwich's Mine, Coal Creek, Roxburgh. Pronounced bedding in weathered 
face of McPherson Seam accentuates 'dark' and 'medium-light' lignite lithotypes. 
Slumped sediments of the Upper Teviot Submember overlie. Beds dip into the highwall. 
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Lower Teviot Submember strata are well 
exposed in Harliwich's open-cast mine at Coal Creek (Roxburgh 
West Coal Sector), where the entire thickness (45m) of the 
McPherson Seam crops out (af. Fig. 6.3). The uppermost part 
of the McPherson Seam is exposed at the entrance to Crossan's 
abandoned adit, (in the Roxburgh East Coal Sector), where an 
unconformable contact between the McPherson Seam and overlying 
Pleistocene outwash gravels can be observed. Elsewhere, the 
Lower Teviot Submember does not crop out, except for scattered 
poor exposures of porcellanite in the Roxburgh West Coal 
Sector. 
Upper Teviot Submember sediments do not crop 
out in the Roxburgh East Coal Sector, but in the Roxburgh West 
Coal Sector they are poorly exposed in the highwall of the 
abandoned McPherson open-cast mine, and in slumped blocks in 
the highwall at Harliwich's open-cast mine (af. Fig. 6.3). 
Borehole data obtained by the Ministry of 
Energy's drilling exploration programme from the Ettrick Basin 
(10-12 km south of the Roxburgh Basin) is inadequate for 
assessing the stratigraphic and sedimentation patterns of 
Dunstan Formation strata. However cored boreholes from the 
same area (intersecting lower Dunstan Formation strata) drilled 
between June and October 1983 for the Ministry of Works Lower 
Clutha Valley dam site investigations, but not examined by the 
writer, are pertinent to identifying lithofacies variability 
and regional distribution of the Teviot Member. 
The structural setting and quantitative 
resource estimation of the McPherson Seam is presented in 
Appendix 2. 
The description and paleoenvironmental 
interpretation of Teviot Member lithofacies is primarily 
assessed from cored borehole d2071 and out-cropping lignite 
beds at Harliwich's open-cast mine. 
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160 schist basement 
* cf. core box photos, Figure 6.15 
HAAST SCHIST GROUP 
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6.11 ROXBURGH COALFIELD (NEW): DEFINITION 
Roxburgh Coalfield incorporates the Roxburgh 
East and Roxburgh West Coal Sectors, which lie within the 
Roxburgh Basin, respectively to the east and west of the 
Clutha River (cf Figs. 6.1 and 6.2), and the Ettrick Coal 
Sector, further south in the .Ettrick Basin. 
6.12 McPHERSON SEAM (NEW): DEFINITION, USAGE 
AND DISTRIBUTION 
Type locality; Harliwich's Mine, Coal Creek, 
Roxburgh West Coal Sector. GR.G43 213192 
McPherson Seam is formally designated for the 
(33-85m thick) seam of lignite that occurs in the Roxburgh 
Coalfield. The seam is named after McPherson's Mine (now 
referred to as Harliwich's Mine), where almost the total 
thickness of the McPherson Seam (45m at this location) is 
exposed. Several thin coal beds intersected - in boreholes 
near the base of the Manuherikia Group, south of the Roxburgh 
Basin, at Dumbarton and in the Ettrick Basin are probably 
lateral splits of the McPherson Seam. No evidence is 
available to establish the stratigraphic continuity of the 
McPherson Seam with other seams in the Manuherikia Group and 
Gore Lignite Formation. 
Locally, McPherson Seam shallowly underlies 
terrace gravel in the Roxburgh East Coal Sector (af. Appendix 2, 
Fig. 7). Isaac (1981, p.14, Fig. 7) postulates a sedimento-
logical origin for the sudden deterioration of the McPherson 
Seam west of the main Roxburgh East Road (af. Appendix 2, · 
Fig. 1). However, short core runs obtained during the 1980-81 
Liquid Fuels Trust Board lignite exploration programme from 
boreholes d2083, d2084, d2088, d2089 and possibly d2085 west 
of this road, encountered highly deformed, crushed or fractured 
Manuherikia Group strata of predominantly lignite. This bore-
hole information confirms an earlier conviction (Douglas, 1980a) 
based on data from d2001, d2073 and d2074, that the numerous 
'seam splits' portrayed in E log traces from this area are 
due to the structural disfigurement of the McPherson Seam and 
not to a primary depositional pattern. The above boreholes 
are located in a broad zone of highly deformed sediments that 
lie east of a major north-south trending fault 
(af. Appendix 2, Fig. 2). 
Fig. 6. 6 
Fig. 6.7 
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'Medium-light' lignite lithotype with characteristic 
hackly-blocky fracture, alternating with 'dark' 
highly gelified lithotype with distinctive conchoidal 
fracture and chippy weathering pattern. 
Harliwich's Mine. 
Matted litter of longitudinally veined, elongate, 
slender, herbaceous leaves; locally common in 'dark' 
lithotypes ·at Harliwich's Mine. S.E.M. enlargement. 
Scale bar= 100 microns. 
.... 
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6.2 NOMENCLATURAL CORRELATION TABLE 
Table 6.1 Teviot Member Nomenclatural Correlation. 
Description, environmental evaluation, sequence and stratigraphic 
designation of Teviot Member lithofacies recorded from cored borehole d2071 
(Roxburgh East Coal Sector), N.Z.M.G. 2 222 804.7 5 515 520.9 and Harlwich's Min_e, 
G.R. G43 213192. Lithofacies and sequence/subsequence symbols referred to are 
annotated on the detailed stratigraphic column (Fig. 6.4) and on photographs of core 
from d2071 (Fig. 6.15). 
Lithofacies description 
Lignite, primarily comprising parallel 
stratified beds of: (1) 'medium light' 
(dark grey to brownish grey), dull, 
liptinite-rich macrolithotype with 
abundant humic detritus and resin, 




to black) gelified macrolithotype St2 
characterized by a fine grained 
homogeneous groundmass, and a mixed 
floral association of herbaceous leaf 
forms and woody stems and logs. These 
beds predominantly comprise the 
McPherson Seam. 9 - 66m thick. 
Lignite, black to very dark grey, 
xyli te locally abundant. Thin < • lSm 
thick, laterally discontinuous beds. 
Mud, richly carbonaceous, black -
very dark brown to very dark greyish 
brown. Slickensides often abundant, 
.13 - 4m thick. 
Mud, slightly carbonaceous, grey to 
greyish brown, vertically inclined 
rootlets common. .16 - .6m thick. 
Clayshale and mudshale. Primarily 
black to dark greyish brown, massive 
and homogeneous, or with subtly to 
well defined parallel, wavy or 
lenticular lamina, or thin beds 
defined by colour variations. 
Intercalations of silty lenticular 
laminae are common locally. 






































Table 6,1 (continued) 
Lithofacies description 
Clay or mud primarily of alternating 
olive grey and light grey laminae (or 





wavy, parallel or (more commonly) IBwd 
lenticular. Bioturbated zones are 
localized and small burrow traces are 
very common. .1 - 2.lm thick. 
Interlaminated or interbedded olive 
grey to light grey clay with silt or 
silty clay. Laminae typically wavy 
orlenticular. Silt, olive grey to 
light grey, up to .lm thick and 
often with small scale trough and 
ripplefo= features. Bioturbated 
zones are localized and smal: burrow 
traces are common. < 2.Sm thick. 
Fine sand - coarse silt, well sorted 
to moderately well sorted. Grey. 
Comminuted carbonaceous detritus 
common. Small scale trough and 
ripplefo= features prevalent. 
'i- .62m thick. 
Sand, medium to well sorted. 
Unconsolidated. (Further 
descriptive details not possible 
because of poor core recovery). 
Approximately .6m thick. 
Clay, greyish brown, slightly 
carbonaceous, burrow mottled and 





bedded with fine sand, well sorted, Vsq and 
olive grey, with carbonaceous 
detritus and small scale trough and 



















































DESCRIPTION OF LITHOFACIES SEQUENCES 
SEQUENCE A: THICK, RICHLY CARBONACEOUS, 
LIGNITE DOMINATED SEQUENCE: 
UPPER DELTA PLAIN POORLY DRAINED 
SWAMP (e.g. box 32-15; 40m thick 
in d2071) . 
Thick (up to 85m at d2072) lignite dominated 
sequence, with minor richly carbonaceous mud (Lithofacies Spd) 
typically occurring only in the lower 8m (cf. Fig. 6.5). The 
sequence incorporates the McPherson Seam (ef. 6.12) and 
constitutes the entire Lower Teviot Submember. 
Weathered lignite faces at Harliwich's open-
cast mine, Coal Creek, Roxburgh West Coal Sector, portray 
macroscopically recognizable laterally continuous parallel 
stratified beds of alternating 'medium-light' and 'dark' 
colouration (cf. Fig. 6.6). These beds are typically .12-.4m 
thick. Transitional variations of these macrolithotypes 
occur, but the dominant proportion of the McPherson Seam 
at Harliwich's Mine can be divided into these two types. 
They are distinguished by the following features: 
(a) 'Dark' layers; dark g:rey to black, hard lignite with a 
silky lustre. The fine grained homogeneous groundmass is 
interrupted by lamallae of bright bands (only subtly 
discernible) and by woody stems and logs (common to abundant). 
Elongate, slender, longitudinally veined herbaceous leaf forms 
are locally abundant (Fig. 6.7). Gelification of the wood and 
matrix is advanced. Unweathered lignite has a distinctive 
conchoidal to semi-hackly fracture, the latter type typifying 
wood-rich areas. The weathered surface is characterized by 
deep desiccation cracks and a weathering profile with 
protruding coherent woody stems and logs. 
(b) "Medium-light' layers; dark grey to brownish grey, hard, 
dull lignite. The groundmass is characterized by moderately 
abundant humic and resinite detritus. Gelification appears 
to be localized, distinguished by irregular dark grey to 
black blotches. Unweathered lignite breaks with a hackled 
fracture. Wood content is moderately low to common and includes 
a wide range of stem and log sizes. The wood structure is 































PETROGRAPHIC ANALYSIS (Vol.%) OF 'DARK' AND 'MEDIUM-LIGHT' BEDS FROM THE 
McPHERSON SEAM, HARLIWICH'S MINE, ROXBURGH WEST COAL SECTOR 
Maceral 
'Dark~ 'Dark' 'Medium-light' 
-Maceral bed bed bed Subgroup Sample 9/126 Sample 9/110 Sample 9/llla 
Humodetrinite (a ttrini te) 34 39 29 
Humotelinite 13 20 10 
Humocollinite 37 16 33 
sporinite 5 2 - ·10 
cutinite 1 1 
resinite 3 4 3 
suberinite 2 5 1 
liptodetrinite 4 11 11 
sclerotinite X 1 X 
macrinite X .5 
semifusinite 1 2 . 5 
inertodetrinite 
MINERAL MATTER 1 X 1 
Data from P. M. Black, 1980, pers. comm. 
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examination of the 'medium-light' lignite revealed a high 
sporinite content (Black, 1981; pers. comm. cf. Table 6.2). 
Lignite samples examined petrographically 
from Harliwich's Mine and d2086 (Roxburgh East Coal Sector) 
are dominated by humodetrinite and have a higher liptinite 
content than samples examined from the Home Hills and 
Hawkdun Coal Sectors (Black, 1981, pers. comm.; 1982). 
Dark lithotypes are more common towards the 
base of the seam at Harliwich's Mine and in d2071. However, 
this relation will not necessarily prevail throughout the 
McPherson Seam. E log traces from the lower 8-12m of the 
McPherson Seam commonly indicate high ash (muddy) lignite 
interbedded with carbonaceous mud (cf. Fig. 6.5). 
Well preserved (xylitized) large trunks 
(6m long and .6m wide) and stems are prevalent at various 
benched floor levels at Harliwich's Mine. 
Analyses of composite samples (on a bed 
moisture basis) from borehole d2071 and d2086 from Roxburgh 
East Coal Sector provided by Coal Research Association of 
New Zealand (1980band 1981 respectively), indicate a low 
ash (2.0-4.0 percent), low sulphur (0.23-0.48 percent), 
high moisture (typically 47.2-50.4 percent) coal with a 
calorific value approximating 13.3 MJ/kg. 
6.32 SEQUENCE B: UPWARD COARSENING, SHALE TO SAND 
SUCCESSION: POORLY DRAINED TO 
WELL DRAINED INTERDISTRIBUTARY 
BAY AND CREVASSE SPLAY BAY-FILL 
FACIES. (e.g. box 8, core· -·2-1; 
box 7, core 4-1; box 6, core 4-2). 
Sequence B comprises two distinctive but 
genetically related subsequences, a predominant black shale 
lithology with minor thin beds of lignite and carbonaceous 
mud (Subsequence Bl), overlain by fine grained typically non-
carbonaceous terrigenous sediments (Subsequence B2), that 
together constitute an upward coarsening sequence. 
6.321 Subsequence Bl: Shaley, poorly drained 
interdistributary bay sediments (dominant), and carbonaceous 
mud or lignite of well and poorly drained muddy swamp and peat-
forming swamp origin (minor). l.4-7.4m in d2071. 
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Fig. 6.8a Fig. 6.8b Fig. 6.8c 
Figs. 6.8a, 6.8b, 6.8c. Lithofacies IBpd, inferred poorly 
drained interdistributary bay sediments deposited 
on the Teviot lower delta plain. 
Fig. 6.8a Clayshale of alternating black and dark greyish 
brown wavy and lenticular thin beds and laminae. 
d2071, box 4, core 4. 
Fig. 6.8b Variegated clayshale -pale yellow and light 
brownish grey lenticular clay laminae (with 
small scale load casts), interlaminated with 
alternating black and very grey wavy laminae. 
d2071, box 12, core 3. 
Fig. 6.8c Wavy or lenticular black clayshale laminae 
alternating with thicker dark greyish brown mud-
shale laminae incorporating lenticular 'wispy' 
microlarninae. d2071, box 6, core 1. 
2_4 7 
Lithofacies IBpd is predominant in Subsequence Bl. It 
comprises a complex association of interbedded organic-rich 
clayshale and mudshale types, that are not arranged in any 
particular pattern within a succession. Shale types include: 
(a, Massive, black clayshale (e.g. lower part of box 12, 
core 4), homogeneous, or with (barely discernible) 
laminae subtly distinguished by black colour variations. 
(b) Clayshale of alternating black and dark greyish brown 
thin beds (less than .07m thick) or laminae (cf. Fig. 6.8a). 
Beds and laminae may be parallel stratified, but are 
more commonly wavy and laminae often lenticular. 
Lenticular laminae are sometimes subtly discernible 
within individual beds of alternating thin bedded 
successions. 
(c) Variegated clayshale (cf. box 12, core 3, and Fig. 6.8b). 
Pale yellow or light brownish grey lenticular clay 
laminae (up to 3mm thick) with small-scale load casts, 
interlaminated with alternating black and very ~rey wavy 
laminae (up to .Olm thick). 
(d) Black, wavy or lenticular clayshale laminae alternating 
with thicker (up to 1cm thick) dark greyish brown 
laminations of mudshale (cf. box 6, core 1, and Fig. 6.8c). 
The latter comprise an admixture of very fine silt 
(predominant) intermixed with clay and incorporate 
lenticular 'wispy' microlaminae. Very small bioturbation 
traces are locally prominent, partially or totally 
destroying the primary sedimentary features (e.g. box 6, 
core 1 and 2). 
Thin beds (less than .Sm thick) of poorly 
to richly carbonaceous mud (Lithofacies Swd and Spd 
respectively), and/or lignite (Lithofacies St 1) may 
occasionally occur at the base of Sequence B (i.e. 
underlie shales of Lithofacies IBpd), e.g. box 1, core l; 
box 7, core 4. 
6.322 Subsequence B2: Upward coarsening, 
laminated clay to sandy succession. Well drained 
interdistributary bay deposits to crevasse splay bay-fill 
deposits .. 6-8.Bm thick in d2071. 
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Fig. 6.9a Fig. 6.9b 
Figs. 6.9a and 6.9b. Lithofacies IBwd, inferred well drained 
interdistributary bay sediments deposited on the 
Teviot lower delta plain. 
Fig. 6.9a Sets of alternating wavy olive grey and light 
grey clay laminae intercalated with thin beds of 
bioturbated olive grey clay, often exhibiting 
'remnant' laminae. d2071, box 9, core 4. 
Fig. 6.9b Wavy and parallel laminated clay with dish and 
pillar (dewatering) structures and abundant small 
burrow traces. d2071, box 9, core 3. 
► 
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An ideal (composite) succession comprises beds (.1-2.lm) of 
laminated clay (Lithofacies IBwd), overlain by a more complex 
association of laminated clay or silty clay beds intercalated 
with laminae or thin beds of silt (Lithofacies IBwd-Pd), 
overlain or interbedded uppermost with beds of fine sand to 
coarse silt .07-.62m thick (Lithofacies P). 
6.322.1 Lithofacies IBwdtlaminated clay: Inter-
distributary bay deposits. Lithofacies IBwd comprises 
alternating laminae or thin beds of olive grey and light grey 
clay or mud. Bioturbated zones are localized and small 
burrow traces are very common. Most observed types of strati-
fication are illustrated in Figs 6.9a and 6.9b, and described 
below. 
Thin beds of olive grey bioturbated clay in 
which primary stratification is completely destroyed, are 
common in the lower part of Lithofacies IBwd. They alternate 
with sets (.01-.02m thick) of alternating wavy olive grey and 
light grey laminae (cf. box 9, core 4; and Fig. 6.9a). 
'Thicker' laminae are wavy, and less commonly 
parallel (cf. Fig. 6.9b). They are more common in the lower 
part of Lithofacies IBwd. 'Thinner' laminae are usually 
lenticular or occur as subtly discernible 'wispy' convolute 
laminae between thicker wavy or parallel laminae in the upper 
parts of Lithofacies IBwd. 
Alternating silty clay and clay laminae are 
more frequently observable in the upper part of Lithofacies 
IBwd. Uppermost, Lithofacies IBwd is i~tercalated with thin 
beds of silt (assigned to Lithofacies IBwd-Pd). 
6.322.2 Lithofacies IBwd-Pd,alternating clays and silts: 
Distal crevasse splay bay-fill deposits. Up to 2.Sm thick in 
d2071. 
Lithofacies IBwd-Pd gradationally overlies 
Lithofacies IBwd, and exhibits an overall upward coarsening 
trend into overlying sandy sediments of Lithofacies P. This 
upward coarsening trend is represented by the following changes 
(all of which are not necessarily represented in any one 
succession). From bottom to top; 
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Fig. 6 .10 Li thofacies rIBwd-Pd Fig. 6.11 Lithofacies P 
Fig. 6 .10 
Fig. 6 .11 
Lithofacies IBwd-Pd, inferred distal crevasse splay 
-well drained interdistributary bay-fill deposits. 
Thin beds and laminae of olive grey silt and silty 
clay overlain by climbing ripple cross laminated 
silts. d2071, box 7, core 2. 
Lithofacies P, inferred bay-fill crevasse splay 
deposits. Grey fine sand to coarse silt. 
Comminuted carbonaceous detritus accentuate small 
scale ripple laminations and small scale trough 
cross laminations. d2071, box 6, core 3. 
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-
(a) Clay dominant olive grey to light grey beds intercalated 
with lenticular laminae of fine silt. Small burrow 
traces disrupting stratification are very common 
(cf. box 2, core 4 and 3). 
££_; Alternating olive grey and light grey laminae of 
silty clay or clayey silt. Small burrow traces and 
bioturbated zones are very common (cf. uppermost .22m of 
box 9, core 1) . 
(b) Alternating thin beds or laminae of cl~yey silt and silty 
clay. Laminae are wavy or lenticular (cf. box 8, core 3). 
(c) Thin beds or laminae of olive grey-light grey silt, inter-
calated with thin beds or laminae of grey clay, clayey 
silt or silty clay. (e.g. box 7, core 2; box 1, core 4 
and 3). Sedimentation features of silt beds include 
rippled laminae, trough and climbing ripple cross-
laminations. (cf. upper .07m of box 7, core 2, Fig. 6.10) 
6.322.3 Lithofacies P, fine sand to coarse silt: 
Crevasse splay deposits. Up to .62m thick in d2071. 
Grey, quartzose,well-sorted to moderately well-sorted fine sand 
to coarse silt, abruptly overlying or intercalated with Litho-
facies IBwd-Pd (cf. box 6, core 4 and 3; and box 2, core 1 and 2; 
respectively). Comminuted carbonaceous detritus is common, 
occuring as laminae defining small scale ripple laminations, 
small scale trough cross laminations and climbing ripples 
(e.g. box 6, core 3, Fig. 6.11). Burrow traces are uncommon. 
6.33 SEQUENCE C: ERRATIC, BUT OVERALL UPWARD FINING 
SUCCESSION OF DISTRIBUTARY MOUTH 
BAR AND CREVASSE SPLAY SEDIMENTS 
INFILLING INTERDISTRIBUTARY BAY 
FACIES. (e.g. box 14, core 4-1; 
box 13, core 4-2, c~.06m thick). 
Four successive genetically related subsequences 
comprise an erratic (but overall) upward fining sequence, (C). 
Sandy lithologies predominate lowermost, silt and clay litho-
logies uppermost. The succession lowermost to uppermost 
comprises: 
6.331 Subsequence Cl: Distributary mouth bar sand. 
cf.box 14, core 4. ~3.75m thick. 
Well sorted medium sand (Lithofacies ChR). 
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These characteristics were determined from the E log trace, 
and from unconsolidated core. The recovery of a coherent core 
sample of this unit was not possibie. 
6.332 Subsequence C2:Thinly interbedded, well sorted 
fine sand and carbonaceous mud. Subaqueous levee, comprising 
proximal crevasse splay sand and well drained swamp mud, 
.66m thick. cf. box 14, core 4 and 3. 
Olive grey, well sorted fine sand with small 
scale trough cross-bedding, and rippleform laminae accentuated 
by comminuted carbonaceous detritus comprise Lithofacies P. 
These sediments rest in sharp contact on a thin bed of 
greyish brown, slightly carbonaceous, burrow mottled, and 
colour laminated clay (Lithofacies Swd). 
6.333 Subsequence C3: Upward coarsening subsequence, 
interlaminated or interbedded clay and silt, succeeded by sand. 
Interdistributary bay-fill succession. 1.05m thick. cf. box 
14, core 2 and 1. 
Thinly interbedded or interlaminated grey clay 
and grey silt (Lithofacies IBwd-Pd) .83m thick, succeeded 
uppermost by fine sand (Lithofacies P). Silt beds exhibit 
small scale trough cross-stratification, rippleform and 
climbing rippleform laminations. Comminuted carbonaceous 
detritus accentuates the bedform laminae of these features. 
Clay dominant beds display alternating wavy laminations,dis-
tinguished by colour variations and silty lenticular laminae. 
Uppermost,olive grey silty sand grade into (a .22m thick) 
olive grey, well sorted fine sand (Lithofacies P). These 
sands exhibit subtly discernible trough cross-stratification 
and contain carbonaceous detritus. 
6.334 Subsequence C4: Predominantly clay with 
minor intercalations of silt. Interdistributary bay receiving· 
distal crevasse splay sediments. l .·6m thick. cf. box 13, 
core 4, 3 and 2. 
Clay dominant subsequence, comprising Litho-
facies IBwd-Pd lowermost, overlain by Lithofacies IBwd. The 
lower .85m comprise alternating wavy laminae of olive grey 
clay and light grey silty clay (Lithofacies IBwd-Pd). 
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Clay laminae are commonly intensely bioturbated. Silty clay 
laminae generally lack bioturbation and are characterized by 
rippleform structures cf. Fig. 6.12. Thin beds (less than 
.05m thick) and laminae of light grey silts with ripple 
laminae structures are intercalated with these mud beds. Soft 
sediment deformation features comprising contorted laminae 
and load casts are common (cf. base of box 13, core 4, 
Fig. 6.12). The uppermost .Sm of Subsequence C4 consists of 
laminated clay (Lithofacies IBwd) and grades uppermost into 









Lithofacies IBwd -Pd (Subsequence C4), 
inferred distal crevasse splay - well drained 
interdistributary bay fill deposits. Photo 
illustrates thin beds of bioturbated 
laminated clay (predominantly uppermost) and 
silty clay with subtly discernible rippleform 
structures (sc), intercalated with thin beds 
and laminae of silt (s). Small burrow traces 
and soft sediment deformation features are 
pronounced. d2071, box 13, core 4. 
moor type: SeQuoia moor 
resulting coal, 
megascopic, { . h I h . wit s ump omons 
{ 
much humotelinite 
microscopic, llextinite A). 
well preserved tissues 
Fig. 6.13 
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Myricaceae · Cyrillaceae moor \ Nyssa · Taxodium swamp 
FOREST SWAMPS 
dark brown coal wi1h coalified tree stems lxylitic) 
less stems more stems 
much humotelinite. poorly much humotelinite, better 
preserved tissues preserved tissues 
reed marsh 
GRASS MARSHES 
lighter brown coal 
without stems ldetrilal) 
much humodetrinite, 
very few tissues 
open waler 
dark, tough brown coal 
ldetrital) 
much humodelrinile 
and much liptinite, 
often clay minerals 
Reconstruction of peat-forming floral associations 
for Miocene brown coals in the Lower Rhine Bay, 
West Germany. Note the relationship between the 
position of the water table, swamp association and 
coal type (after Teichmuller, M., 1962, p.708; 
and adaptations by Stach et al., 1975, p.231; and 





DEPOSITIONAL ENVIRONMENTS: INTERPRETATIVE ANALYSES 
OF LITHOF~ClES SEQUENCES 
SEQUENCE A: UPPER DELTA PLAIN PEAT-FORMING 
SWAMP. 
The McPherson Seam represents deposits of a 
long-lived, peat-forming swamp that accumulated on the upper 
part of the Teviot delta plain (of. Fig. 6.14). An upper delta 
plain setting is largely designated on the basis of a lower 
delta plain assessment for the fine grained terrigenous 
succession of Upper Teviot Submember strata that overlie the 
McPherson Seam. In addition, thick coal seams are commonly 
characteristic of upper deltaic plain environments. The low 
ash content and absence of significant laterally continuous 
seam splits indicate plant accumulation occurred in a stable 
protected backswamp location during the constructive phase of 
the delta. 
Reconstruction of the peat-forming floral 
association is restricted without identification of the taxa, 
but from the predominance of humic detritus, the majority of 
taxa can be related to woody plants of shrub or tree habit. 
Although vertically erect stumps were not observed in coal 
strata at Harliwich's Mine, the low ash content of the coal, 
and the great thickness of coal without significant seam splits 
provide supporting evidence of an autochthonous origin of the 
peat-forming plant remains •. 
Comparable seam profil~s of distinctive 
'lighter' and 'darker' beds are described from other brown coal 
deposits, for example from Germany (Teichmiiller and Teichmiiller, 
1968, p.358), and the Latrobe Valley, Victoria (Luly, Sluiter 
and Kershaw, 1980). Teichmilller (1962) observed a successional 
change in the colour of lithotypes from light to dark that 
corresponded to a change in the swamp floral association and 
the biochemical conditions in which the peat accumulated, both 
of which she recognized were influenced by the position of the 
ground water table (of. her reconstructed,peat-forming swamp, 
reproduced in Fig. 6.13). A similar idealized succession from 
pale-light lignite, representing shallow open water facies, 
progressively increasing to darker lithotypes (concomitant with 
a lowering water table), to darkest lignite representing raised 
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bog 'forest has been demonstrated for the Victorian brown 
coals by Luly, Sluiter and Kershaw .(1980, Figs 21A, 21B). 
In the absence of floral determinations of the 
peat accumulating taxa, the depositional environments of the 
McPherson Seam are assessed on the macrolithologic data, in 
terms of the models constructed by TeichmUller (1962) and Luly, 
Sluiter and Kershaw (1980). Successions of 'medium-light' and 
'dark' beds (in the McPherson Seam) reflect fluctuations of 
the former ground water table. In the 'medium-light' layers 
the prevalence of liptinite macerals particula~ly sporinite, 
and resin globules (locally concentrated), together with 
attrinite (humic 'groundmass' detritus) and relatively low 
occurrences of large woody (xylitic) detritus indicate a peat 
accumulating site in relatively high'standing water, probably 
in the transitional zone between the forest swamp and open-
water associations. Pollen, resin and humic detritus may have 
drifted from the immediately surrounding vegetated swamp 
associations. Variations in the medium-light lithotype 
content may relate to the relative proximity of the accumula-
tion site to the vegetation source. A similar explanation has 
been postulated for the origin of medium-light, light and pale 
lithotypes from the Latrobe Valley Coal Measures (Luly, 
Sluiter and Kershaw, 1980, p.43). 
The dark lithotype, partially gelified, formed 
from taxa that grew in shallower, but still relatively high 
water levels. The variable occurrences of well preserved 
herbaceous leaves (cf. Fig. 6.7) and· large woody stems or trunks 
indicate a variable floral association. These include forested 
stands dominated by conifers (that probably included 
Araucariaceae (Araucariacites cf. australis) and podocarps), 
a mixed arborescent and herbaceous vegetation, and herbaceous 
associations. Their spatial and temporal distributions are 
primarily governed by the level of the water table. They 
respectively represent a gradation from 'lower' to 'higher' 
water levels. 
The variation from 'medium-light' to 1 dark' 
lithotypes indicates that growth and accumulation of vegetation 
on the Teviot delta plat£orm occurred in.a shallow water swamp, 
subjected to temporally fluctuating water levels. A prolonged 
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period of relative stability during which time subsidence and 
rate of peat accumulations were del.icately balanced is 
indicated by the extreme thickness 0£ the McPherson Seam, and 
relatively few seam partings. Nearly all other major thick 
coal seams similarly result from the accumulation of peat in 
swamp facies of continuously, high water levels (cf. Diessel, 
19,80, p.37). 
6.42 SEQUENCE B: LOWER DELTA PLAIN POORLY DRAINED 
AND WELL DRAINED INTERDISTRIBUTARY 
BAYS. 
6.421 Subsequence Bl: Poorly drained interdistrib-
utary bay. Lithofacies IBpd accumulated in shallow ponded 
interdistributary bays on the Teviot lower delta plain. These 
ponds were unconnected to the distributary channels, and open 
water lacustrine facies (farther shoreward). Lithofacies IBpd 
is similar to predominantly argillaceous sediment completely 
deficient in coarse detritus, described by Coleman, Gagliano 
and Webb (1964, p.252) from cores of isolated shallow inter-
distributary bays within the modern Mississippi River delta. 
Sediment is received in these bays only during periods of high 
flood. Sedimentation units comprising homogeneous clay, 
parallel laminated alternations of clay and silty clay, and 
lenticular laminae (similar to sedimentation types described 
from Lithofacies IBpd), were observed by Coleman, Gagliano and 
Webb (1964) in cores taken from isolated interdistributary bays. 
'Current ripple marks' are attributed by Coleman, Gagliano and 
Webb (1964, p.255) to tidal currents and overflow during floods, 
but similar bedforms could equally form from wind induced 
currents. Similar deposits of shales and silts attributed to 
interdistributary bay facies are described by Baganz, Horne and 
Ferm (1975) from the Carboniferous Pikeville lower delta plain. 
The bays now represented by Lithofacies IBpd, 
were sufficiently deep to prevent the establishment of plants 
and peat accumulation, suggesting that subsidence of the Teviot 
lower delta plain was greater than the accumulation rate of 
fine suspended sediment. 
Teviot Member poorly drained interdistributary 
bay facies are similar to those described from the Blackstone 
lower delta plain (in 4.321) of the Blackstone Member. 
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6.422 Subsequence B2: Well drained interdistributary 
bay infilled by crevasse ~play bay-fill deposits. 
6.422.1 
utary bay. 
Lithofacies IBwd: Well drained interdistrib-
Burrowed and bioturbated, parallel, wavy and 
lenticular laminated clays and muds ascribed to Lithofacies 
IBwd are similar to descriptions and figured cores presented 
by Coleman (1976) and Coleman and Prior (1980) from open, well 
drained interdistributary bay environments of the Mississippi 
River delta. Coarse terrigenous sediment is confined to dis-
tributary channels, and normally bypasses modern Mississippi 
interdistributary bays. Fine grained sediments are introduced 
into these bays during periods of high flood. This pattern of 
sediment dispersal would satisfactorily account for the litho-
logic and sedimentation characteristics of Lithofacies IBwd. 
Lenticular laminae, formed from the reworking and concentration 
of the coarse fraction by wind generated currents (Coleman, 
1976, p.37) are the most abundant single sedimentary structure 
in the Mississippi delta interdistributary bay deposits, and 
similarly are the dominant bedform feature of Lithofacies IBwd. 
6.422.2 Lithofacies IBwd-Pd: Well drained interdis-
tributary bay and distal crevasse splay-fill sediments. 
Fluctuating sediment discharge patterns are 
indicated by the varied textures and bedforms in cores repre-
sented by Lithofacies IBwd-Pd (cf. Fig 6.10). 
The most abundant structures, parallel and 
wavy laminations, typify 'normal' well drained interdistributary 
bay sedimentation primarily from suspended sediments that were 
often transported by.wind-driven currents. Rippleforms in silts 
and clayey silts that are irregularly intercalated with 'normal' 
interdistributary bay sediments indicate irregular influxes of 
terrigenous sediment attributable to sedimentation from distal 
crevasse splay flows, during periods of abnormally high (flood) 
discharge. Small scale trough cross-laminations and climbing 
ripples (Fig. 6.10) are indicative of higher sedimentation 
rates from suspended loads. 
Lithofacies IBwd~Pd are comparable to inter-
distributary bay-fill sediments described by Coleman (1976), 
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and Coleman and Prior (1980) from the Mississippi delta area. 
6.422.3 Lithofacies P: Crevasse splay 
Sands of Lithofacies P represent shallow water 
overbank splays or levees that prograded into and infilled the 
interdistributary bays. They comprise the culminating depo-
sitional phase represented by the overall upward coarsening 
Sequence B. These sediments were more proximally located to 
the distributary channel crevasse, or to a distributary mouth 
bar, than the finer silty more distal creva~se splay sediments 
of Lithofacies IBwd-Pd. Sandy deposits with organic debris 
and a variety of climbing ripples and small-scale 1 festoon 
type' cross-bedding (similar to structures described for Litho-
facies P, 6.322.3), are deposited near advancing distributary-
mouth bars in the Mississippi delta (Coleman and Prior, 1980, 
p.58). 
6.43 SEQUENCE C: PROGRADING DISTRIBUTARY MOUTH BAR 
AND PROXIMAL TO DISTAL CREVASSE 
SPLAY BAY-FILL FACIES. 
In lower delta interdistributary bays the 
sediment dispersal pattern from a prograding distributary mouth 
will produce a succession of deposits similar to the arrange-
ment of lithofacies represented by Sequence C. Similar upward 
fining successions have been recorded from cores of the 
Mississippi lower delta plain by Coleman and Prior (1980, p.58). 
Sands represented by Lithofacies ChR of 
Subsequence Cl (poorly portrayed in box 14, core 4, due to poor 
core recovery) were debouched into an interdistributary bay, 
where they formed a bar at the mouth of the distributary 
channel. Subsequence C2 sediments overlie and constitute a 
subaqueous levee facies. The levee comprises overbank splay 
sands (Lithofacies P) interbedded with carbonaceous mud 
(Lithofacies Swd). 
Well drained interdistributary bay facies repre-
sented by Subsequence C3 (Lithofacies IBwd-Pd, box 14, core 2 
and 1) developed as the influence of distributary channel flow 
decreased. Bay sedimentation was frequently punctuated by 
crevasse splay silt and occasional sand (Lithofacies P, box 14, 
core 1) debouched into the bay by the channel. In Subsequence 
C4, bay-fill sedimentation (represented by Lithofacies IBwd-Pd, 
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box 14, core l; box 13, core 4 and 3) was punctuated less 
frequently by distal splay silts. 'Normal', well drained 
interdistributary bay sedimentation (devoid of distal splay 
silts) is represented by the laminated clay (Lithofacies IBwd), 
of uppermost Subsequence C4 (cf. box 13, core 4 and 3). 
Eventually, diversion and abandonment of the distributary 
channel system occurred. Starved of a terrigenous sediment 
supply, well drained interdistributary bay sedimentation 
ceased, and organic-rich sediments (Lithofacies IBpd of the 
overlying Subsequence Bl) accumulated in the shallow ponded 




REGIONAL PALEOGEOGRAPHIC APPRAISAL 
THE TEVIOT DELTA (NEW) 
\ 
The Teviot delta is reconstructed (in Fig. 6.14) 
from sediments of the Lower and Upper Teviot Submembers. Only 
delta plain sequences are recognized from core and E log 
patterns of the Teviot Member in the Roxburgh Basin. Two 
distinctive, areally extensive environments are represented -
an upper and lower delta plain which serve to genetically sub-
divide the Teviot Member into the Lower Teviot Submember and 
Upper Teviot Submember, respectively. 
6.52 
6.521 
A SEDIMENTATION MODEL FOR THE TEVIOT DELTA 
The Upper Delta Plain. 
The McPherson Seam represents almost totally 
uninterrupted vegetal accumulation over a prolonged period in a 
backswamp interfluvial facies on the Teviot upper delta plain. 
A fluctuating relatively high water-table (assessed from macro-
lithologic data cf. 6.41) was critical for maintaining a 
balance between plant growth and rate of subsidence, as well as 
being important for the preservation of plant tissues. The 
significance of the common occurrence of thick to very thick 
localized coals in upper delta plain environments is discussed 
in some detail in 4.53. 
6.522 The Lower Delta Plain 
Similar analogues of Sequences Band Care 
forming in interdistributary bays on modern lower delta plains. 
The lithologies constituting the overall upward coarsening cycle 
of Sequence B (produced by the orderly repetition of Lithofacies 
IBpd, IBwd, IBwd-Pd and P) have been described from core samples 
of the modern Mississippi River deltaic plain by Coleman, 
Gagliano and Webb (1964); Coleman (1976); Coleman and Prior 
(1980). Similar ancient analogues of lower delta plain upward 
coarsening bay-fill sequences have been described, for example, 
from the Carboniferous Breathitt Formation, near Pikeville, 
Kentucky, by Baganz, Horne and Ferm (1975); Horne and Ferm (1976); 
Horne, Ferm, Caruccio and Baganz (1978); and from the upper 
Wilcox Rosita delta system (Live Oak delta) of South Texas by 




FIG. 6.14 Reconstruct1·on · of th 
UPPER TEVIOT 
DEL TA PLAIN 
I 
l LOWER TEVIOT 
DELTA PLAIN 
e Teviot delta plain ' 
showing lithofacies relationships. 
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Open-water interdistributary bay areas 
'actively' receiving coarse terrigenous or bay-fill sediments 
are one of the major environments of modern lower delta plains. 
The occurrence of several stacked cycles of Subsequences Bl and 
B2, comprising at least. 50m of delta plain, interdistributary 
bay sediments, imply a long-lived delta system. 
Elliot (1974) presented a model for the genesis 
of interdistributary bay sequences within a deltaic setting. 
The overall evolvement of Upper Teviot Submember bay-fill 
sequences closely parallels Elliot's model. Assuming an open-
water interdistributary bay (in the lower Mississippi delta 
these are usually less than l0m deep), active filling of the 
bay (indicated by Lithofacies IBwd-Pd and P), in most modern 
analogues is initiated by a breach in the distributary channel 
during flood stage. Repeated crevasse splay (flood) flows 
alternating with 'normal' interdistributary bay sedimentation 
account £or the alternating silts, silty clays and clays of 
Lithofacies IBwd-Pd. The relative coarseness of the silts and 
sands reflect the proximity of the advancing crevasse splay 
channel. Uppermost, s~ndy splay deposits (Lithofacies P) 
represent the culminating phase of distributary bay-fill 
sedimentation. Concurrent with the completion of bay-filling, 
the channel became inactive and eventually avulsed to a site 
with a more favourable gradient advantage. Where the bays did 
not fill completely and were not sufficiently shallow for plants 
to establish, laminated clays (Lithofacies IBwd) accumulated 
for a short period in a well drained interdistributary bay. 
When the bay was sufficiently starved of sediment, organic rich 
mud sedimentation (Lithofacies IBpd) commenced. This is demon-
strated in the Upper Teviot Submember where. shales of Lithofacies 
IBpd overlie laminated clay of Lithofacies IBwd, e.g. box 6, 
core 2. Plants may colonize the inactive 'bay-fill' areas 
where the bays were filled sufficiently to provide a surface 
upon which the plants could root, e.g. box 1, core 1 and 2. 
Thin peat beds (Lithofacies St1) accumulated, indicating that 
plant colonizations at these sites were short-lived events, 
probably because compaction and subsidence occurred at faster 
rates than the peat accumulated. As subsidence continued, these 
sites progressively reverted to a shallow stagnant 'ponded' 
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interdistributary bay wh~re richly organic mud was deposited 
(Lithofacies IBpd). Muddy sediments are introduced into the 
bays only during periods of .high flood (cf. Coleman, Gagliano 
and Webb, 1964, p.252), choking these 'closed' bays with fine 
suspended sediment. Shale horizons (in Lithofacies IBpd) 
indicate intervening periods of low sediment accumulation. 
Ultimately as a result of subsidence, the barriers restricting 
these bays are inundated, enabling coarse sediment to be trans-
ported into the bays. The commencement of 'active' sedimentation 
marks the initiation of Subsequence B2 deposition. Eventually, 
a distributary channel will advance or avulse in favour of the 
new gradient advantage.(created by the subsiding bay), and a 
crevasse splay will form, and infill the interdistributary bay 
with terrigenous sediment. 
It is the above pattern (repeated four times in 
d2071) of well drained bay-fill sedimentation, alternating with 
brief periods of peat swamp accumulation, subsidence and 
restricted bay sedimentation, that represent the bulk of the 
cyclic deposits in the Teviot lower delta plairi. Similar thick 
piles of lower delta plain strata (50m in d2002) incorporating 
stacked cyclic sequences almost entirely of well drained and 
poorly drained interdistributary bay sediments are not known 
to the writer. Sequences included in Upper Teviot Submember 
strata differ from Mississippi lower delta plain cyclic 
sequences in that the latter do not include thick richly organic 
mud deposits (similar to Lithofacies IBpd). Strata of Sub-
sequences Bl and B2 identified in cored borehole d2071, are not 
recognizable at equivalent horizons from E log data of boreholes 
located 400m from d2071. Temporally and spatially alternating 
cycles of Subsequences Bl and B2 appear to represent localized, 
intricately inter-related areas of active and comparatively 
inactive interdistributary bays on the delta plain. The 
pattern of sedimentation represented by Subsequences Bl and 
B2 therefore does not conform to regionally recognizable active 
and inactive delta lobes described £ram the Mississippi delta 
by Coleman (1976). 
The Upper Teviot Submember (on available 
evidence) broadly represents a single phase of delta growth. 
The Teviot delta, like th~ Blackstone delta (c.f. 4.52) 
.. 
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appears to have been a receding, constructive,veriically 
accreting delta system. 
6.53 SUMMARY OF TEVIOT DELTA FACIES 
Extremely thick peat deposits accumulated in 
long-lived interfluvial backswamp facies that included full 
forest and open-canopy associations on the upper delta plain. 
Plant growth proceeded unimpeded, isolated from the influence 
of lacustrine and fluvial terrigenous sediment influx, and 
favoured by a moist, humid and warm-temperate climate 
(Pocknall, 1982, p.4). 
An aggradational succession of fine grained 
flood derived (primarily crevasse splay) deposits locally 
and episodically filled the inland portions of interdistributary 
bays on the lower delta plain. The continued repetition of 
subsidence, flooding and filling of interdistributary bay 
environments records localized events of delta growth in the 
overall delta building process. Because sedimentation events 
related to the subsidence and filling of individual 
interdistributary bays are spatially and temporally unconnected 
only patchy lenses of peat accumulated on the Teviot lower 






Upper Teviot Submember sediments, core boxes 15 - 1, 
borehole d2071, from lower left to upper right in 
ascending stratigraphic order. Lithofacies code 
symbols are indicated. Uppermost Lower Teviot Sub~ 
member sediments are represented by lignite 
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KAWARAU MEMBER (NEW) 
DEFINITION, STRATIGRAPHIC DISTRIBUTION AND GENERAL 
CHARACTER! STI CS 
Kawarau Member consists principally of fine 
grained carbonaceous lithologies of lignite, carbonaceous mud, 
richly organic shale, silt, and less commonly of non-, 
carbonaceous mud and sand. These lithologies occur as thin 
beds (typically from a few centimetres to a few metres thick), 
arranged into cyclic sequences. Kawar.au Member strata 
represent facies in the shorezone and immediately landward of 
Lake Manuherikia shoreline. Fluctuating lake levels super-
imposed on the overall transgressive Lake Manuherikia shoreline 
produced several cyclic sequences (for example, from cl3m thick 
lowermost, to .2m thick uppermost, at the type section of the 
Cromwell Submember, Fig. 7.1). These cycles are intricately 
intercalated with more offshore lacustrine facies of the 
Bannockburn Formation. 
Belonging to uppermost Dunstan Formation, the 
Kawarau Member represents an important stratigraphic marker 
unit, demarcating fluvial Dunstan Formation from immediately 
overlying lacustrine Bannockburn Formation. Lowermost Kawarau 
Member strata have been recognized in outcrop overlying 
Fiddlers Member in the Cromwell-Bannockburn district and 
Fiddlers Flat-Mata Creek area; St Bathans Member in the 
Vinegar Hill section; and schist basement in the Lauder 
district. The widespread regional extent of this member (cf. 
Figs. 8.2 and 8.3) has been determined from subsurface E log 
profiles. E log patterns indicate Kawarau Member predominantly 
overlies Fiddlers Member strata. 
A diverse range of (predominantly fine grained) 
lithologies is recognized, represented by two distinctive 
successions: 
(a) Cromwell Submember 
aceous lithologies 
column, Fig. 7.1. 
(new) - predominantly richly carbon-
(including lignite) cf. stratigraphic 
Type Section: F41 099646; north bank 
the Ka war au River, c.3km upstream of the town of Cromwell, 
at the Clutha-Kawarau River junction, cf. Fig. 7.3. 
of 
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FIGURE 7 .1 
STRATIGRAPHIC COLUMN & INTERPRETATION OF STRATA AT THE 
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Fig. 7. 3 
~ 
' 
Type locality of the Kawarau Seam, north bank of the Kawarau River, G.R. F41 096637 
(cf. 3.523). Two principal lignite-bearing units (A) of Sequence A (Cromwell 
Submember), 3m thick (lowermost) and Sm thick (uppermost) are separated by 
interdistributary bay sediments (LIBwd). A number of thin carbonaceous mud beds 
are intercalated with lignite beds of uppermost Sequence A. Bannockburn Formation 
sands and muds overlie Cromwell Submember. The type section of the Cromwell 
Submember is in the steep river bank at the extreme right of the photo. 
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(b) Ewing Submember (new) - muddy and fine sandy lithologies. 
A detailed description of the Ewing Submernber is not 
presented in this report, but the lithologies represented 
are adequately portrayed in the stratigraphic column from 
the type section, Fig. 7.12. Type Section: H41 532873; 
near head of sluiced_ gold workings at Vinegar Hill, cf. 
Fig. 7.13. Ewing Submember is primarily represented by 
a c.Sm thick cycle at the type section. Ewing Submernber 
is named after John Ewing, manager of the Vinegar Hill 
gold sluicing claim, 'Mining King of Central Otago', and 
a colourful character in the St Bathans district during 
the latter part of the nineteenth century. 
Fig. 7.4 Close up of Fig. 7.5. Lowermost 
Kawarau Seam beds (cf. 3.523). 
Lignite beds (St) separated by 
richly carbonaceous mud (Spd). 
Note convoluted soft sediment 
deformation folds (arrowed) in 
Lithofacies Spd. 
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7.2 NOMENCLATURAL CORRELATION TABLE 
Table 7.1. Cromwell Submember nomenclatural correlation. 
Description, environmental evaluation and sequence designation 
of Cromwell Submember lithofacies recorded from the Kawarau River bank at the 
Type Section G.R. F41 099646 and at a nearby locality G.R. F41 096637. Lithofacies 
and sequence symbols referred to are annotated on the detailed stratigraphic 
columns (Figs 7.1 and 7.2). 
Lithofacies description 
Black to very dark brown lignite, typically 
fine grained, with a subvitreous lustre, 
chippy conchoidal fracture and moderately 
high degree of gelification. Plant tissues 
well preserved locally. Beds split and 
merge frequentl y . Beds up to 2.Sm thick. 
Very dark brown to dark greyish brown richly 
carbonaceous clay or mud. Homogeneous, or 
with abundant fragmented plant litter. 
Convolute slickensided structures common. 
Beds up to .6m thick. 
Light grey to light brownish grey clayey 
silt or clay. Slightly carbonaceous. 
Rootlets very common locally . Beds few 
centimetres to .9m thick. 
Very dark brown richly organic clayshale 
or mudshale. Homogeneous or wit~ 
lenticular laminae of silt. Hyri d el l a 
common locally. Few centimetres to 1.40m 
(6mt near Bannockburn). 
Very dark grey and light grey, alternating 
laminae or beds of silt and mud, commonly 
with small-scale rippleform or trough 
cross-stratification. Comminuted carbon-
aceous detritus rare to abundant. Plant 
litter locally common. Hyri delia common 







































DESCRIPTION OF CROMWELL SUBMEMBER LITHOFACIES SEQUENCES 
DESCRIPTION OF SEQUENCES FROM THE KAWARAU 
RIVER SECTION, CROMWELL, Type Section: G.R. F41 
099646 (cf. stratigraphic section, Fig. 7.1) 
and nearby locality G.R. F41 096637 
(cf. stratigraphic section, Fig. 7.2) 
Two sequences, A and B, are recognized as closely 
associated lithogenetic units of lake margin fluvial facies. 
These sequences are cyclic and occur intercalated with strata 
of shallow water lacustrine origin that are assigned to the 
Bannockburn Formation. 
Sequence A consists of dark richly carbonaceous 
beds (Lithofacies Spd and St) and is underlain and overlain by 
Sequence B, slightly to moderately carbonaceous clays and silts 
(Lithofacies IBpd, LIBwd and Swd). Greyish yellow to greyish 
green non-carbonaceous clays, silts and sands of the Bannock-
burn Formation occur in thick intervals, bounded between Cromwell 
Submember strata of Sequence B. 
Stratigraphic columns Figs 7.1 and 7.2 illustrate 
the position of Cromwell Submember cyclic Sequences A and B, 
and the position of Bannockburn Formation beds that are inter-
calated with and overlie the Cromwell Submember. 
7.311 Sequence A: Lignite (peat-forming herbaceous 
swamp to forest swamp) and richly 
carbonaceous mud (poorly drained 
muddy swamp) 
A richly carbonaceous sequence of variable 
composition, ideally comprising lignite beds (from a few centi-
metres up to 2.Sm in thickness) underlain and overlain by 
richly carbonaceous mud. In an extreme example (in uppermost 
Cromwell Submember strata) Sequence A is represented by only 
a few centimetres of carbonaceous mud. 
Lower Sequence A cycles are thickest. They are 
composed of an interbedded association of Lithofacies Spd and 
St, that include the major lignite beds, collectively assigned 
to the Kawarau Seam (new) cf. 3.523; Figs 7.3; 7.4; and 7.5. 
The lignite (Lithofacies St) is typically 
black, and is generally characterized by a high degree of 
gelification, a subvitreous lustre, a fine grained homogeneous 
Fig. 7.5 
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Sequenc e B strata of interdistributary 
bay sediments (LlBwd) and well drained 
swamp sediments (Swd) overlain by 
Sequence A strata consisting of poorly 
drained swamp sediments (Spd) and peat 
swamp litter (lignite beds, St). Type 
Section of the Cromwell Submember, 





texture and a distinctive chippy conchoidal fracture. Locally 
megascopic wood tissue is preserved. 
Less common macroscopically recognizable lignite 
types include; fissile lignite beds with a high proportion or 
preserved plant litter predominantly of herbaceous (palm-like) 
leaves; thin beds of fibrous, friable, fusain-rich lignite; 
and lignite with a high proportion of wood tissues (as stems or 
logs) and resin globules. 
Lithofacies Spd comprises beds a few centi-
metres to .6m in thickness, of dark greyish brown massive 
homogeneous clay or mud. These beds are often characterized 
by convoluted or slickensided loadcast structures (Fig. 7.4). 
Beds up to .6m thick of Lithofacies Spd to St occasionally 
occur interbedded with Lithofacies Spd and St. They consist of 
friable carbonaceous shales with abundant macerated and frag-




The lower and upper portions of Sequence A 
Lithofacies Spd and grade into less highly carbonaceous 
(Lithofacies Swd or .IBpd of Sequence B), of the 
preceding and succeeding sequence . 
7.312 Sequence B: Slightly to moderately carbonaceous 
rooted mud (well drained swamp); 
thinly bedded or interlaminated 
silts and muds (well drained inter-
distributary bay); and richly 
organic clayshale and mudshale 
(poorly drained interdistributary 
bay) • 
Sequence B consists of Lithofacies LIBwd, Swd and 
occasionally IBpd in cycles up to Sm in thickness in the lower-
most part of the Cromwell Submember (cf. Fig. 7.5), to cycles as 
little as a few centimetres thick, comprising only Lithofacies 
Swd in the uppermost part of the Cromwell Submember. 
Lithofacies LIBwd generally consists of alter-
nating laminae or thin beds of micaceous, predominantly very 
dark_ grey to light grey silt or mud. Small-scale rippleform or 
trough cross-stratified structures are sometimes disrupted by 
burrow or bioturbation traces. Specific interbedded or inter-
laminated lithologies comprising Lithofacies LIBwd include: 
2 83 




LIBwd) consisting of 
ripple laminated light 
grey silt beds, 
intercalated with 
lenticular laminae of 
white very fine sand 
(b); and dark grey 
clayey silt beds with 
comminuted carbonaceous 
detritus and silty 
lenticular laminae (a). 
Cromwell Submember. 
Close up photo of 
lowermost Fig. 7.5. 
Scale in 5cm divisions. 
Fig. 7.7 (below) 
Dish and pillar 
structures in very 
fine sandy silt of 
Lithofacies LIBwd, 
Cromwell Submember. 
G.R. F41 096637. 
... 
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(a) dark grey structureless clayey silt. 
(b) light grey silt with wavy (rippled)laminae, intercalated 
with lenses of white very fine sand (resembling linsen 
laminae, cf. Fig. 7.6), or continuous laminae of very 
fine sand. 
(c) dark grey clayey silt, intercalated with discontinuous 
wavy (rippled) laminae of silt (resembling linsen laminae) 
cf. Fig. 7.6. 
(d) light grey, very fine sandy silt with small scale trough 
and rippleform structures (commonly deformed-dish and 
pillar structures occur, Fig. 7.7), and regularly character-
ized by zones (less than 1cm thick) of relatively high 
concentrations of comminuted, carbonaceous detritus. This 
lithology occurs as a single Sm thick bed, illustrated in 
Figs 7.2 and 7.3. 
(e) dark greyish brown mud with insitu rootlets. 
Sedimentation structures are commonly accentuated 
by concentrations of comminuted carbonaceous detritus and 
allochthonous pollen. Locally, beds are enriched in plant 
leaves (commonly palm-like fronds), fine fragmented plant detritus 
(including Casuarina cones) and Hyridella (including double 
valved, probably insitu forms cf. Fig. 7.8). 
Lithofacies Swd features light grey to light 
brownish grey clayey silt to clay, increasing in carbon content 
and decreasing in grain size towards underlying or overlying 
carbonaceous mud (Lithofacies Spd) or lignite (Lithofacies St). 
Rootlets abound, and are particularly distinctive where they 
penetrate down from overlying richly carbonaceous lithofacies 
of Sequence A (Fig. 7.9). Well-preserved palm-like fronds are 
locally abundant. 
Lithofacies IBpd, richly organic very dark brown 
to very dark grey clayshale or mudshale occasionally occurs 
interbedded with Lithofacies LIBwd and Swd (cf. Fig. 7.10). 
Lithofacies IBpd is commonly texturally homogeneous, displaying 
subtle colour banding of alternating dark and light hues. 
Alternatively, the clayshale or mudshale may be intercalated 
with lenticular laminae of silt. Hyridella, chrondrites-like 
traces, angiosperm leaves, and other fine fragmented plant 
matter including Casuarina cones are locally abundant in 
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Fig. 7.8 (above) 
Double valved Hyridella 
in very fine silt of 
Lithofacies LIBwd, 
Cromwell Submember. 
G.R. F41 096637. 
Fig. 7. 9 (left) 
Root penetrated clays 
of Lithofacies Swd, 
underlying richly 
carbonaceous mud (Spd) 
and lignite (St). 
Close up view of Fig. 
7. 4, .lowermost Kawarau 




Lithofacies IBpd. Beds vary from .lm to at least 6m+. 
7.4 INTERPRETATIVE ANALYSES OF LITHOFACIES SEQUENCES 
7.41 SEQUENCE A: LOWER ALLUVIAL PLAIN-LAKE MARGIN: 
POORLY DRAINED MUDDY SWAMP, 
HERBACEOUS AND FOREST SWAMPS 
The geographic setting of poorly drained 
muddy swamps (Lithofacies Spd), peat-forming reed and forest 
swamps (Lithofacies St) fringing a fluvial-lake margin is 
illustrated by the paleogeographic model, Fig. 7.11. The 
thickest accumulation of plant litter (represented by the 
lowermost cycle of Sequence A beds in stratigraphic column, 
Fig. 7.1) occurred over a wide, relatively stable peat-forming 
backswamp, that encroached over well drained swamps enveloping 
infilled or 'starved' interdistributary flood-basins and inter-
distributary bays (cf. Fig. 7.4). By contrast, thinner cycles 
of Sequence A (which occur higher in stratigraphic column, 
Fig. 7.1) accumulated in poorly drained swamps fringing the 
lake margin. These subordinate associations of richly carbon-
aceous sediments (vertically separated by thick associations of 
lacustrine sands and silts), represent short-lived swamps that 
encroached briefly over shallow lacustrine facies during brief 
recessions of Lake Manuherikia. 
An autochthonous origin for the lignite is 
indicated by prominent rootlet penetrated beds (Fig. 7.9) and 
by the composition and preservation of plant litter in 'roof' 
and 'floor' strata. Herbaceous plants are predominant, for 
example palm groves are indicated. The advanced stage of 
gelification for almost all lignite beds indicates the peat 
litter accumulated in relatively high 'standing' water levets, 
with anaerobic decay dominant. 
The high number of seam splits indicates that 
these lake margin swamps were relatively unsuitable areas for 
continuous (uninterrupted) peat accumulation probably because 
of fluctuating lake levels. The trend is for lacustrine facies 
(of the Bannockburn Formation) to transgress over marginal 
fluvial swamp facies, (of the Cromwell Submernber), with only 
brief interruptions by short-lived regressions of the shoreline. 
Fig. 7.10 
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Lithofacies IBpd, homogeneous mudshale overlain 
by Lithofacies LIBwd, interlaminated clayey silt, 
silt and very fine sand~ Freshly excavated road-
cut (1980), near Bannockburn Creek, G.R. F41 088622. 
Spade for scale. 
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The variable composition (cf. 7.311) and 
complex configuration of these lignite beds and seam partings 
also reflect the irregular arrangement of shallow water low 
energy depositional facie~ (well drained to poorly drained 
interdistributary bays, well drained to poorly drained swamps 
and distributary channel and overbank facies) that characterize 
the limno-telmatic zone (cf. Fig. 7.11). 
7.42 SEQUENCE B: LAKE MARGIN: WELL DRAINED AND 
POORLY DRAINED BAYS AND WELL 
DRAINED SWAMPS 
Sequence B represents a complex of bay and well 
drained swamp facies that occurs between nearshore lacustrine 
facies (of the Bannockburn Formation), and onshore poorly 
drained swamp facies (of Sequence A) bordering a low energy 
fluctuating lake shore. 
Alternating fine grained lithologies, and small 
scale sedimentation features (cf. 7.312 (a) to (e)) occurring 
in Lithofacies LIBwd (well drained bay facies) are attributed 
to wave induced currents that varied in relation to the con-
figuration and relative position of the various bays to Lake 
Manuherikia. Thin sand laminae, and beds comprising linsen 
laminae represent the migration of low relief sand ripples across 
the floor of an otherwise muddy low energy bay environment. 
The clayshale and mudshale of Lithofacies IBpd 
accumulated in poorly drained bays (ponds or lagoons). Fine 
sediment probably overflowed into the ponded areas during high 
water levels and settled from a suspended state. Lenticular 
laminae of silt intercalated with muddy beds (of Lithofacies 
IBpd) are described from modern interdistributary bay environ-
ments where flood episodes periodically introduced coarser silty 
sediments. Alternatively, the lenticular laminae may represent 
'starved' silt ripples, sorted by wind generated currents on the 
shallow bay floor (cf. Van Dijk et aZ. 1978, p.230). 
Bay-fill deposits represented by Lithofacies 
LIBwd and IBpd do not portray upward coarsening patterns, as 
would be expected in crevasse splay bay-fill facies in strictly 
fluvial or deltaic settings (cf. 6.42 and 6.522). This further 
emphasizes the marginal lacustrine setting of these bays and 
the absence or insignificance of sediment from a distributary 
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FIG. 7.11 Reconstruction of the fluvial - lake margin environment as interpreted from 
Cromwell Submember lithofacies exposed in the Cromwell - Bannockburn district. 
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The prominence of dewa.tering (d1sh and pillar) structures in 
some silty sediments of Lithofacies LIBwd (Fig. 7.7) indicates 
rapid sedimentation in some bays (cf. Lowe and LoPiccolo, 1974). 
Root penetrated muds (Lithofacies Swd) typically 
positioned above or below Lit,hofacies LIBwd are attributed to 
well drained swamp £acies. They typically fringe bay environ-
ments, and merge (landward) into poorly drained swamp 
associations (of Sequence. A). Where Lithofacies Swd overlies 
Lithofacies LIBwd the.establishment of a well drained swamp 
facies on an abandoned shallow water (infilled) bay facies is 
recorded (cf. Fig. 7.4). 
In the Kawarau River sections (illustrated by 
Figs 7.1 and 7.2) bay facies are intertongued with only the 
lower (primary cyclic association of) transgressing lake margin 
swamp facies. Poorly drained swamp facies (Lithofacies Spd) 
that occupied short-lived land areas of subsequent minor 
regressive phases are fringed at the lake margin only by well 
drained swamp deposits (Lithofacies Swd). 
7.5 PALEOGEOGRAPHIC APPRAISAL OF THE CROMWELL SUBMEMBER 
(cf. Fig. 7.11) 
The immediate environs influencing Cromwell 
Submember sedimentation were a relatively low energy marginal 
lacustrine facies (assigned to the Bannockburn Formation), 
bordered by a swamp enveloped shoreline (Sequence A), that 
interdigitated with shallow open water and restricted inter-
distributary bays (Sequence B). 
Stratigraphic columns (Figs 7.1 and 7.2) of the 
Cromwell Submember record a major overall transgressive 
succession of lacustrine sediments on-lapping lower alluvial 
plain swamp dominated environments (cf. basal cycle of Sequences 
A and Bin Figs 7.1 and 7.2 are succeeded by lacustrine sediments 
of the Bannockburn Formation). Stratigraphically higher, minor 
(thin) regressive fluctuations of the shoreline represented by 
short-lived swamp facies, are repeated at least five times in 
the vertical profile. The overall decrease upward in the 
thickness of these oscillatory richly-carbonaceous cycles is 
indicative of the increased area inundated by the on-lapping-lake 
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Greenish grey to bluish grey mud to medium 
sands intercalated with Cromwell Submember strata (cf. Fig. 7.1) 
represent lacustrine deposits of the Bannockburn Formation. 
In the wider Cromwell area, variations in the 
order and thickness of the lithofacies portrayed in the strati-
graphic columns (Figs 7.1 and 7.2) are attributed to an 
intricate shoreline of complex interfingering facies in the 
limno-telmatic zone. In the Bannockburn area, for example, 
the nearshore facies were locally influenced by distributary-
channel sediments disch~rging into the lake. 
Well sorted sandy beds attributable to beach 
deposits or shoreline erosion do not accompany the base of the 
on-lapping lacustrine facies. Considering the large dimensions 
inferred for Lake Manuherikia (at least 5,600 square kilometers, 
cf. 8.l), the absence of coarse shore-zone sediments suggests 
Cromwell Submember sediments accumulated on the margins of a 
protected shore, that lay possibly within a broad regional 
embayment. 
Preliminary floristic associations determined 
from palynomorphic taxa by Mildenhall (1977a, 1977b), indicate 
a diverse range of ecological associations colonized Cromwell 
Submember facies, varying from open fresh water marshes and wet 
meadows (open swamp), to forest swamp. A prolific swamp flora 
that included Casuarina, Palmae, Lilaceae and Metrosideros 
(Mildenhall,1977a) colonized the shallow standing water of the 
low-lying nearshore zone. Broad open embayments (Lithofacies 
LIBwd) and restricted bays and ponds (Lithofacies IBpd) were 
inhabited by colonial fresh water algae, Pediastrum and 
Botryoccous (Mildenhall,1977a, 1977b), locally surrounded by 
burr reeds Aglaoreidia (Mildenhall,1977a; Pole,1983). Palm 
groves, at least locally, fringed the low-lying alluvial plain 
in peat-forming swamps or shallow bays, where thick mats of 
palm fronds accumulated insitu or drifted from nearby palm 
. groves. 
Allochthonous pollen concentrated in open water 
nearshore lacustrine facies and in levee facies of the under-
lying Yiddlers Member (at the Kawarau River section, Fig. 7.1) 
was washed in from drier more elevated areas of the (Fiddlers 
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--~H~~.-Fig. 7.13 (above) 
Vinegar Hill, abandoned 
sluiced gold mining 
area. G.R. H41 532873. 
· Type location of the 
Ewing Submember (ES), 
-~.,t', -~ Kawarau Member; Lauder 
t~ -Member ( LM) , and some 
: sequences of the St 
•-: Bathans Member (SM) . 
Fig. 7.14 (left) 
Small-scale washover 
deposits of white, well 
sorted silt and very 
~~.-..:,~ fine sand, rhythmically 
interbedded with dark 
brown carbonaceous mud 
(clayey silt) of a back-
barrier bay. Abundant 
burrow traces indicate 
almost total reworking 
of washover deposits 
(some remnant rippleform 
structures remain), and 
- localized intermixing of 
·washover and bay deposits. 





Member) alluvial plain. These areas were coloniz.ed by a wood-
land forest with Casuarina, podocarp and broadleaf (including 
'brassi' beech) forest elements. Flooding of the forest floor 
provided a mechanism for the transport of plant litter from 
the flood-plain to the distributary channel and beyond; for 
example, similar to the annual flood events that effect the 
distribution of forest litter fall on the Recent Apalachicola 
River flood-plain (cf. Elder and Cairns, 1983). 
Numerous analogous examples of ancient and 
modern swamp floras flanking the margins of large lakes are 
known. Coals formed from reed accumulations in the bays of 
Eocene Lake Gosiute of the Green River Formation (Picard and 
High, 1981, p.237); the Valarno lignite seam of Italy is over-
lain by lacustrine clays (Falini, 1965, p.1319); some of the 
thickest coals of the Matallana and Sabero coalfields, northern 
Spain, are interbedded with, or immediately overlie lacustrine 
deposits (Heward, 1978, p.474). 
7.6 EWING SUBMEMBER: BRIEF DESCRIPTION AND PALEOGEOGRAPHIC 
APPRAISAL (WITH REFERENCE TO ADJACENT 
BANNOCKBURN FORMATION). 
In contrast with the Cromwell Submember, beds of 
the Ewing Submember cropping out at Vinegar Hill (cf. Figs 7.12 
and 7.13) were deposited in a more agitated lake margin environ-
ment. Several cyclic sequences from the limno-telmatic zone of 
Lake Manuherikia are represented at Vinegar Hill. They include 
cycles of well sorted coarse silt to fine sand (interpreted as 
washover deposits, cf. Fig. 7.14; Leatherman, 1981, p.2; 
Schwartz, 1981, p.230-233); gently inclined and parallel strati-
fied moderately well sorted to very poorly sorted coarse sand 
to gravelly sand (beach deposits); very dark brownish grey 
richly organic shale (back-barrier bay deposits); silty lignite 
and dark brown carbonaceous mud (poorly drained swamp deposits); 
and greenish grey to bluish mud (shallow lacus~rine deposits), 
locally with polygonal mud-filled cracks (lake margin mud flats). 
Surge flows (possibly occurring at periods of high lake levels 
and/or storm events) overwashed the coarse sand and gravelly 
sand beach, washing sand and silt into back~barrier lagoons, bays 
and poorly drained swamps, that locally fringed the lake. 
Fig. 7.15 
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Plan view; densely populated oncolite 
community, resting on a sandy substrate 
in very shallow near-shore lacustrine 
strata of the Ewing Submember at Vinegar 
Hill. 
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Nearshore, lacustrine sediments of tl).e 
Bannockburn Formation intercalated with, or, immediately over-
lying Ewing Submember at Vinegar Hill incorporate poorly sorted 
pebbly sand and poorly sorted muddy sand beds, normally less 
than .2m thick and commonly lenticular in form. These beds 
often contain algal fragments, freshwater molluscs (HyrideZZa 
and gastropods), ostra~ods1 , fish and egg shell. fragments and 
locally bird bones (cf. Douglas et aZ., 1981; Fordyce, 1982, 
p.653), that were concentrated in the shallow sublittoral to 
littoral zone by wave reworking. The occurrence of oncolites 
(represented by a single bed of densely packed encapsulating forms, 
Fig. 7.15) closely positioned to the allochthonous faunal 
detritus attest to a photic shallow water, nearshore environ-
ment, and indicate a period of low or non-sedimentation during 
growth of the oncolites (cf. Schafer and Stapf, 1978, p.104). 
A temperate, wet, possibly humid climate is 
indicated by the palynomorphic types (Mildenhall, 1981), and by 
the absence of evaporite mineral precipitation on the muddy lake 
floor during very shallow and emergent (drying out) periods of 
lake water level recession. (Polygonal desiccation cracks in 
muddy sediments are illustrated in the stratigraphic column, 
Fig. 7 .12) . 
The biota and terrigenous sediments of the 
Bannockburn Formation overlying the Ewing Submember at Vinegar 
Hill closely resemble those in the nearshore lacustrine facies 
of the Pliocene Ridge Basin Group, California, described by 
Link and Osborne (1978, p.179). 
7.7 PALEOGEOGRAPHIC SYNTHESIS OF KAWARAU MEMBER 
Two distinctive geographically,separated 
environments marginal to the shoreline of Lake Manuherikia are 
defined, both exhibit evidence of fluctuating lake levels. These 
environments are represented by; 
1ParaZimnocythere and Gomphocythere have been identified. Living 
representatives are usually found crawling on filamentous algae 
in shallbw well aerated waters. These ostracods are the first 
record of Miocene non-marine ostracods from New Zealand 
(P. De Deckker, Australian National University, pers. comm. 1981). 
299 
(a) Cromwell Submember primarily incorporates swamp 
associations (containing a mixed herbaceous and arboreous 
flora) that colonized the area immediately landward of a 
low energy, low-lying irregular shoreline in areas almost 
totally removed from terrigenous sedimentation. Richly 
carbonaceous sequences (including lignite-bearing strata) 
were deposited. 
(b) EWing Submember includes a generally low energy but well 
aerated and periodically wave agita~ed terrigenous shore 
facies. This shore facies contained a prolific fauna, 
and is intercalated with shallow offshore lacustrine 
strata of the Lauder Member~ of the Bannockburn Formation. 
Mud flats occurred locally. Ewing Submember also includes 
facies immediately landward of the shore zone, 
predominantly well drained and poorly drained inter-
distributary bays (shallow 'ponded' lagoons) and swamps, 
that were frequently inundated by washover sands and 
silts. These onshore back-barrier environs were therefore 
unsuited for the establishment of long-lived peat-forming 
associations. 
1
rnformally named in this report, for shallow offshore 
lacustrine strata, overlying or interbedded with Ewing 
Submember strata at Vinegar Hill (cf. Fig. 7.12). 
CHAPTER EIGHT 
DISCUSSION AND CONCLUSIONS 
8.1 REGIONAL PALEOGEOGRAPHIC SETTING OF 
MANUHERIKIA GROUP SEDIMENTS: 
A SYNOPSIS 
8.2 DEPOSITIONAL SETTING OF MANUHERIKIA 
GROUP COAL-BEARING STRATA 
8.3 RELEVANCE OF DETAILED STRATIGRAPHIC 
ANALYSIS AND PALEOENVIRONMENTAL 
MODELS FOR LIGNITE EXPLORATION 
300 
8,0 DISCUSSION AND CONCLUSIONS 
8.1 REGIONAL PALEOGEOGRAPHIC SETTING OF MANUHERIKIA 
GROUP SEDIMENTS: A SYNOPSIS 
The earliest Manuherikia Group sediments in Central 
Otago were deposited by braided river systems that 
occupied the valley floors of a desolate, irregular, schist 
and greywacke landscape (cf. Fig. 2.31). The East Otago 
lower to mid Tertiary marine transgression (cf. 1.331) reached 
the Naseby district during the Late Oligocene and is not known 
to have extended further west. The East Otago marine border 
was prograding eastward when sedimentation of Manuherikia 
Group strata commenced inland during the Early Miocene. 
The St Bathans Member braided channels served to 
transport large volumes of deeply weathered regolith material 
from the Central Otago catchment probably to the east coast 
paralic and shelf environments. The deposits of these 
channels are confined to narrow, up to 100 m thick units 
predominantly of sandy gravel. A north-west to west source 
for sediment in the St Bathans valley is indicated. 
Roughly coinciding with the dissipation of the braided 
channel system (during the Early Miocene) a network of sandy 
low gradient meandering channels and muddy flood-basins 
extended over most of the Central Ot.ago area. They formed the 
Fiddlers Member alluvial plain (cf. Figs. 8.1 and 8.3). The 
low channel gradients and the large volume of fine to medium 
sands and mud imply a sediment source of low to moderate relief. 
Locally peat-forming swamps developed between distributary 
channels particularly (in the south-west). on the Old Woman 
alluvial plain where a stable, probably anastomosing channel 
system favoured the accumulation of thick peat deposits. 
Fine grained sediment appears to have been transported 
towards a depocentre formed from coalescing flood-basins. A 
long-lived (Early to Late Miocene) large freshwater lake (Lake 
Manuherikia) ultimately formed, extending in excess of 5,600 km 2 
and accumulating a sediment pile (Bannockburn Formation) 
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FIG.8.1 Schematic reconstruction of Early to Middle Miocene depositional environments in Central Otago 
as inferred from Manuherikia Group sediments. 
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accumulating lacustrine sediment induced progradation of the 
developing lake. Transgression of the lake margin over the 
surrounding alluvial plain hinterland is evident in Figs. 
8.2 and 8.3 (cf. the distribution of Kawarau Member strata). 
Lake margin swamps, beaches, interdistributary bays and mud 
flats developed. Large wedge-shaped deltaic bodies were 
constructed at the major points of sediment entry into the 
lake. These were characterized by interchannel delta 
building carbonaceous sediments, for example the almost 
100 m thick coal-bearing succession at Hawkdun and Home Hills 
(represented by the Blackstone Member), and at Roxburgh 
(represented by the Teviot Member). 
A perennial lake fed by sediment laden streams is 
decipherable from the interbedded sand and mud lithologies 
comprising Bannockburn Formation strata. Offshore, probably 
prodelta, turbidite facies are recognizable (near Becks in 
Bannockburn Formation). The lacustrine biota appear to have 
been of an entirely freshwater type (cf. 7.6). Coeval fine 
grained organic rich laminated muds (Nevis Oil Shale Member) 
were deposited in the south-west, in a semi-restricted to 
stagnant bay of Lake Manuherikia, adjacent to the sediment 
starved (abandoned) portion of the Old Woman alluvial plain. 
Bannockburn Formation strata coarsen upward and 
laterally into sands and sandy gravels that were debouched 
into Lake Manuherikia from braided streams. Examples include 
the Dell Sandstone Member (Williams, 1974) in the Lower Nevis 
Valley, Scotland Point on the Kawarau River near Cromwell, a 
section in the Manuherikia River (G.R.H41 602810), Hallidays 
Bluff near Albert Town and core of borehole D.L.21 from 
Lowburn. Strata from these localities record the progressive 
shallowing of Lake Manuherikia and immediately precede the 
deluge of boulders and pebbles of the Maori Bottom Group. 
transported by braided streams from rising blocks during the 
early events of the Kaikoura orogenic uplift (Late Miocene to 
Early Pliocene). 
Subsequent Kaikoura tectonism has strongly deformed 
the Manuherikia Group sedimentary pile during the development 


















3:1! <"' "'::, 

























RESTORED STRATIGRAPHY, SCHEMATICALLY DEPICTING 
RELATIONSHIPS OF MANUHERIKIA GROUP UNITS 






















" "' z 'ti< 


























































































































z - "' =>::, 







s.w.-N.E. CROSS-SECTION (ROXBURGH TO HAWKDUN) 
"' ;. 
N.E. i: w 
:,: w 
::, 0 
Z O w 
"' -" .. 0 ., 
ci C:"' .I:>,. 
a: 
w., 
.. > .. -., ::, "' z -400 m .. ::, V 
::, a: U> 
= 0 w j a: N ::, .., ,- i 0 
V w :, ,... 
0 
0 = I -300 m N 









' , , ,, •· •' •·,,c,c;;M;:J ,: ;/:~Y'· • •1=~;:;;;;:;, , 
SCALE 30 
, WM MW 10 
-0 m.. 
10km ~ I 
305 
8.2 DEPOSITIONAL SETTING OF MANUHERIKIA GROUP 
COAL-BEARING STRATA: A SUMMARY 
Five principal coal-forming environments are 
recognized in Dunstan Formation strata and these are 
illustrated in the regional paleogeographic reconstruction 
diagram (Fig. 8.1). The lignite resource significance and 
the sedimentation controls governing the genesis and 
distribution of these peat-forming environments are summarized 
below (8.21 - 8.25). Descriptions and interpretative 
analysis of the sequences incorporating Dunstan Formation 
lignite-bearing strata are documented in Chapters 2-7. 
8.21 UPPER DELTA PLAIN ENVIRONMENT 
Extraordinarily thick peat beds (represented by the 
McPherson and Johnstone Seams) accumulated in backswamp facies 
respectively on the Teviot upper delta plain and on the 
Blackstone upper delta plain. Coals of commercial 
significance are recognized worldwide in upper delta plain 
strata (cf. 4. 53). 
8.211 Blackstone upper delta plain 
Johnstone Seam beds occurring in the Lower Blackstone 
Submember represent a localized long-lived swamp positioned on 
the Blackstone upper delta plain. The extremely variable 
configuration of Johnstone Seam beds (cf. Figs. 4.14 and 4.16) 
reflects the proximity of the peat-forming backswamp relative 
to coeval environments. Abnormally thick peat deposits 
(representing the entire Johnstone Seam, as much as 90 m 
thick) with only minor seam partings (e.g. at borehole d2093, 
Fig. 4.14) accumulated in a backswamp. Seam splits become 
increasingly pronounced towards the delta plain margin where 
delta plain peat-swamps merge and intertongue with laterally 
coeval muddy flood-basin and swamp f acies of the Fiddlers 
Member (cf. Fig. 4.16). In this transitional facies zone 
muddy sediments periodically overflowed into the swamps, 
disrupting peat-accumulation and contributing to the high ash 
content of some lignite beds. Sands were deposited in narrow 
non-sinuous channels and in areas close to these channels 
where overbank and crevasse splay sedimentation commonly 
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interrupted an otherwise blanket accumulation of peat over 
the delta plain. The thick succession of upper delta plain 
coal beds thin southward (shoreward) to Lake Manuherikia, 
and are progressively onlapped by lower delta plain facies 
(cf. Fig. 4.14). 
8.212 Teviot upper delta plain. 
The very thick Teviot upper delta plain coals 
(represented by the 33-85 m thick McPherson Seam) are 
characterized by low ash and are separated by only minor 
localized seam partings. The peat-forming swamp blanketed 
the Teviot upper delta plain, and was sufficiently isolated 
from the influence of fluvial and lacustrine terrigenous 




LOWER DELTA PLAIN ENVIRONMENT 
Blackstone lower delta plain. 
Thin laterally discontinuous lignite beds 
(Johnstone #4 - #8 cf. Fig. 4.14) of highly variable 
composition and quality (particularly ash values) occur 
within the Blackstone lower delta plain (Upper Blackstone 
Submember) strata. Some of the beds (e.g. Johnstone #5, 
cf. Fig. 4.14) are of commercial significance. The 
lignites occur interbedded with sandy and muddy strata, and 
typically constitute the uppermost unit of cyclic sequences! 
They represent swamp floras that colonized infilled shallow 
abandoned bays and channels (cf. 4.43 and Fig. 4.4) which 
were irregularly distributed on the lower delta plain, 
intricately fringing active interdistributary bay and 
distributary channels. 
8.222 Teviot lower delta plain. 
On the Teviot lower delta plain (Upper Teviot 
Submember), inactive (poorly drained) interdistributary 
bays were commonly not sufficiently shallow for plants to 
inhabit. Peat-forming swamps were therefore uncommon, 
localized and short-lived, probably because of rising lake 
levels and subsidence of interdistributary bay muds 
underlying the peat. Subsidence occurred at faster rates 
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than the peat accumulated. Lignite beds are therefore 
rare, very thin and of no commercial significance. 
8.23 FIDDLERS LOWER ALLUVIAL PLAIN 
(DOMINATED BY FLOOD-BASINS) 
Laterally extensive peat-forming swamps developed 
over shallow sandy crevasse splay sands that infilled low 
energy flood-basins on the Fiddlers alluvial plain. Peat 
swamp longevity deteriorated relative to the proximity of 
the peat swamp to contemporaneous distributary channels. 
Crevasse splay sands interrupted the peat accumulating 
process (forming sandy seam partings) or became mixed with 
peat (forming high ash sandy lignite). Peat accumulation 
was frequently terminated by the deposition of meander 
belt sands onto the swamp location, probably due to 
crevassing and course changes reflecting a more favourable 
gradient created by the greater compaction of the peat 
detritus. At other locations, muddy flood-basin sediments 
temporarily intermixed with accumulating peat (forming 
muddy partings or high ash lignite) prior to the terminating 
encroachment of flood~basin muds over the peat swamp. 
Lignite seams rarely exceed 10 m, but are of 
commercial significance for small-scale shallow open-cast 
mining operations (for example the Idaburn open-cast mine). 
The Oturehua Seam (in the Idaburn district) is a rich source 
of montan wax. 
8.24 OLD WOMAN MIDDLE TO LOWER ALLUVIAL PLAIN 
Two separate, long-lived peat-producing swamps 
colonized the Old Woman alluvial plain, now represented by 
strata in the Nevis Valley. 
8.241 Lower to middle alluvial plain. 
An extensive long-lived peat swamp (now represented 
by the Ben Nevis Seam), occupied the middle reaches of the 
alluvial plain. Seam configuration and composition were 
primarily influenced by contemporaneous major channels. 
Flood-derived fine grained terrigenous sediments (muds and 
crevasse splay sands) repeatedly interrupted the peat 
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accumulating process of swamp areas in proximal channel 
settings (resulting in high ash beds and terrigenous 
partings). The likelihood of discovering thick coal devoid 
of, or with only minor seam splits is good in areas distal 
of contemporaneous channels. 
8.242 'Abandoned' lower alluvial plain. 
In comparison, an extensive peat swamp (now 
represented by the Homestead Seam) blanketed the Old Woman 
lower alluvial plain, extending to the periphery of Lake 
Manuherikia at Nevis Bay. Continuously high water levels 
over the low gradient plain and diminished sediment 
discharge were conducive to the accumulation of the very 
thick (22-25 m) Homestead Seam. Seam partings are 
localized and attributed to contemporaneous intraswamp 
meandering channels. 
Alluvial plain strata representing extensive 
flood-basin swamps similar to those occurring in the 
Fiddlers and Old Woman Members are recognized as an 
important site for locating laterally extensive coal beds 
of economic significance (cf. Weimer, 1976; Turner and 
Whateley, 1983; Flores, 1983). 
8.25 LACUSTRINE MARGIN ENVIRONMENT 
Peat accumulating in swamps around the perimeter 
of the transgressing Lake Manuherikia shore forms seams 
characterized by thin commonly discontinuous lignite beds 
that are often separated by thick partings. The cyclic 
repetition of _these lignite beds within the Kawarau Seam 
of the Cromwell Submember (near Cromwell) was governed by 
fluctuating lake levels. The varied floral and ash 
composition and configuration of these lignite beds and 
seam partings also reflect the setting of the peat swamp 
with well drained and poorly drained bays fringing the 
limnotelmatic zone. 
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Explanation to lignite resource distribution models, 
Figs. 8.4 and 8.5. 
Dunstan Formation members are grouped into six 
categories of coal resource significance. Rated in 
order of decreasing significance, they include: 
1. Lower Blackstone Submember, includes the 
Johnstone Seam - up to 80-90 m thick. 
Lower Teviot Submember, includes the McPherson 
Seam - 33-85 m thick. 
2. Old Woman Member, includes the Ben Nevis Seam -
24 m thick in D.S.I.R. D.H.l, and the Homestead 
Seam - 22-25 m thick. 
3. Upper Blackstone Submember, includes the Johnstone 
Seam #4 - #8 beds. They represent a number of 
thin beds (up to 4 m thick), commonly with an 
aggregate thickness approximating 12-14 m. 
4. Fiddlers Member, includes a number of laterally 
impersistent seams up to 13 m thick, for example 
an unnamed seam in d2011 (cf. Fig. 3.10a); 
Oturehua Seam; Cambrians Seam; Kawarau Seam. 
5. Kawarau Member, commonly barren of lignite, but 
locally includes thin lignite beds, for example 
the Kawarau Seam includes a number of lignite beds 
< 5 m thick. 
Upper Teviot Submember, includes occasional thin 
lignite beds< ,5 m thick. 
6. St Bathans Member, rare, discontinuous, high ash 
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RELEVANCE OF DETAILED STRATIGRAPHIC ANALYSIS AND 
PALEOENVIRONMENTAL MODELS FOR LIGNITE EXPLORATION 
CONCEPTUAL OBJECTIVES, AND PROCEDURES TOWARDS 
CONSTRUCTING COAL DEPOSITIONAL MODELS 
Major objectives of this investigation have been to 
determine a formal, regional, genetically defined 
stratigraphic framework of Central Otago lignite-bearing 
strata; to provide detailed descriptions of lithofacies, 
establish their association with adjoining lithofacies, and 
their regional spatial relationship within the context of a 
depositional system. 
The primary sedimentation units of Manuherikia Group 
strata are assigned to a lithofacies type, each of which has 
been assigned a code. Their interpretation forms the basis 
for assessing the environment of deposition and erecting 
models of depositional systems. Sediments of depositional 
systems identified in Dunstan Formation strata have been 
assigned to member status in nomenclatural hierarchy. The 
regional subsurface distribution and configuration of these 
members are portrayed in cross-sections Figs. 8.2 and 8.3. 
This stratigraphic framework was established by assessing the 
lithologic relation and geometry of strata (both temporally 
and spatially) in terms of depositional systems within a 
broader-regional fluvio-lacustrine depositional model. 
8.311 Lignite resource distribution model. 
The relative coal resource significance of Dunstan 
Formation depositional systems are classified into six 
categories (1 - 6) on the basis of seam thickness and 
proportion of lignite in relation to non-lignite strata. 
The regional distribution of these categories are portrayed 
in cross-sections Figs. 8.4 and 8.5. 
8.32 EXPLORATION APPLICATION 
Coal bed thickness, variation, quality and type, and 
likely configuration of coal and coal-bearing strata can be 
predicted from paleoenvironmental reconstructions. The 
characteristics .of specific lignite seams and their enclosing 
strata have been established from detailed stratigraphic 
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analysis and paleoenvironmental reconstructions (documented 
in Chapters 2-7 and summarized in 8.21. It has been shown 
that the difference between accumulation sites of peat-
forming swamps on the broad alluvial plain and deltas that 
flanked Lake Manuherikia (during Dunstan Formation time) 
account for the extraordinary variation in stratigraphic 
thickness of lignite-bearing strata. In planning drilling 
programmes, depositional models similar to those illustrated 
in Chapters 2-7 (e.g. Fig. 3.16) and integrated into a 
regional model (Fig. 8.1) must constitute an essential part 
of the basis for formulating a cost-effective exploration 
programme. Boreholes can then be sited for specific 
predetermined objectives and will therefore be spaced 
effectively. 
Recognizing and defining strata in terms of 
lithofacies units documented in this report will hasten the 
process by which core and outcropping strata can be visually 
appraised and described, and also ensure that there is a 
consistent systematic method of assessment. Descriptive 
logs of Manuherikia Group sediments are commonly too simple 
and inconsistent to adequately describe these strata. They 
are therefore of limited value for geotechnical evaluation, 
assessing depositional models or correlating strata. This 
can now be rectified. 
Integration of lithofacies mapping in future coal-
field assessment programmes will minimize inaccuracies of 
seam correlations. Lithofacies maps are invaluable for 
determining the detailed stratigraphy of coalfields, and are 
particularly important for evaluating problems of correlation 
in multi-bed seams (for example where beds suddenly split or 
are locally absent). 
8.33 SUMMARY OF ADVANTAGES 
A refined sedimentologic and stratigraphic evaluation 
of coalfield lithologies - their type, distribution, 
variability and genetic interpretation is essential for: 
a. The geologist designing and evaluating drilling 
programmes to ensure that critical areas are adequately 
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investigated. For example, the lignite resource 
distribution models (Figs. 8.4 and 8.5) are valuable 
for selecting areas with potentially economically 
important coal beds. 
b. Assessing the hydrogeological conditions. Lithofacies 
maps and three dimensional reconstructions are needed 
for modelling ground water flow. For example, locating 
the distribution of principal sand beds (e.g. Lithofacies 
Ca) is vital in assessing the configuration of aquifers 
and planning ground water control measures. 
c. Determining the distribution of lithofacies identified as 
potentially likely to pose problems during mining, 
particularly where they relate to the stability of pit 
d. 
8.34 
walls and slopes. This assessment should be addressed 
not only to lithofacies enclosing lignite (e.g. very 
carbonaceous slickensided 'plastic' clay beds, Lithofacies 
Spd), but also extend to lacustrine lithofacies of the 
Bannockburn Formation where these sediments are likely to 
occur in the pit wall. 
Predicting changes in coal type and quality. For 
example, coal quality deterioration in seams located in 
close proximity to sandy distributary channels 
(Lithofacies Ca) and crevasse splay deposits (Lithofacies 
p) • 
CONCLUDING REMARKS 
The stratigraphic framework and depositional models 
constructed in this study provide a foundation upon which 
information generated by future investigations should be 
added. The most accurate assessment of lithofacies type, 
variation and distribution necessary for defining the lignite 
resource and for anticipating lithofacies-related coal mining 
problems can be achieved by an efficient cost-effective 
exploration strategy geared towards refining and perfecting 
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1,0 LOCATION OF CENTRAL OTAGO LIGNITE EXPLORATION 
BOREHOLES 
1.1 LOCATION OF BOREHOLES DRILLED DURING THE MINISTRY OF ENERGY 
AND THE LIQUID FUELS TRUST BOARD LIGNITE EXPLORATION 
PROGRAMMES~ 1978-1979; 1980-1981 
1' Collar Co-ordinates 
Borehole Height N.Z. Map Grid 
Number Location (metres} E N 
2001 Roxburgh East sector 114.9 2 222 068.0 5 516 799.1 
2002 Roxburgh East sector 153.6 2 222 438.5 5 515 484.8 
2003 Dalmuir Rd, Ettrick 83.6 2 225 734.1 5 500 911.7 
2004 Marsh Rd, Ettrick 83.0 2 226 247.1 5 503 198.6 
2005 Hartley Rd, Clyde 167.6 2 221 700 5 550 900 
2006 Galloway Bridge, 
Alexandra 143.1 2 229 400 5 546 150 
2007 Muddy Creek Rd, 
Manuherikia 362.2 2 246 038.8 5 569 455.1 
2008 Mee Rd, Manuherikia 451.6 2 250 600 5 578 100 
2009 Near Beatties Rd, 
Manuherikia 443.6 2 259 000 5 579 000 
2010 Cambrians, 
Manuherikia 547.4 2 252 055.4 5 584 610. 4 
2011 Coal Pit Rd, 
Manuherikia 499.6 2 262 628.3 5 582 310.8 
2012 Hut Creek, Hawkdun 
sector 681.5 2 269 166.0 5 591 275.0 
2013 Near Idaburn, 
Coalpit Rd, Idaburn 571.8 2 270 928.0 5 576 017.9 
2014 Oturehua 526.8 2 265 879.6 5 573 883.2 
2015 Ida Valley Back Rd, 
Idaburn 468.8 2 275 050 5 575 700 
2016 Wainui Farm Rd, 
Idaburn 433.3 2 257 059.4 5 562 148.2 
2017 Moa Creek Rd, 
Idaburn 426.0 2 251 100 5 552 800 
2018 Little Mt Ida track, 
Idaburn 683.9 2 275 472.5 5 575 635.6 
2019 Highfield Wedderburn 
Rd, (near Eden 
Leith) 539.8 2 273 980 5 568 413.9 
2020 Wedderburn to 
Gimmerburn Rd 431.6 2 271 527.4 5 562 117.7 
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Collar Co-ordinates 
Borehole Height N.Z. Map Grid 
Number Location (metres) E N 
2021 Waipiata Naseby 
Rd, Waipiata 369.3 2 286 445.2 5 554 760.2 
2022 'Sleepy Hollow' , 
Albert Town 326.l 2 210 237.6 5 604 343.5 
2023 Cromwell Flat 213.4 2 209 581.6 5 565 144.8 
2024 Cromwell Flat 217.4 2 208 958.6 5 563 837.1 
2.025 Jocelyn Rd, 
Bannockburn 263.l 2 207 395.5 5 560 415.5 
2026 Lower Nevis 655.5 2 194 907.8 5 550 186.8 
2027 Lower Nevis 676.0 2 194 626.1 5 547 798.2 
2030 Earnscleugh Rd, 
Alexandra 156.2 2 222 150 5 545 000 
2031 Fisher Lane, 
Manuherikia 156.7 2 231 200 5 549 275 
2032 Huddleston Rd, 
Manuherikia 318.4 2,244 100 5 564 000 
2033 Brown Rd, 
Manuherikia 394.7 2 251 797.4 5 572 763.6 
2034 Pauley Rd, 
Manuherikia 536.3 2 256 100 5 589 200 
2035 Hawkdun Runs Rd 691.5 2 261 729.8 5 593 233.1 
2036 Hawkdun Runs Rd, 
Hawkdun sector 738.3 2 263 204.9 5 597 999.5 
2037 Near Little Bremner 
Creek, Hawkdun, 
sector 781.4 2 266 516.2 5 601 360.5 
2038 Trinity Creek, 
... 
Hawkdun s·ector 646.2 2 266 840.5 5 596 688.2 
2039 Home Hills sector 714.8 2 271 148.3 5 584 141.8 
2040 Near German Hill 
diggings, Idaburn 449.8 2 255 200 5 557 700 
2041 Crawford Hills Rd, 
Podburn Moa Creek 
Rd intersection, 
Idaburn 433.2 2 245 875.4 5 548 862.0 
2043 Home Hills sector 730.6 2 271 209.9 5 586 244.0 
2044 Wedderburn Naseby 
Plantation Rd 597.3 2 277 163.8 5 571 039.9 
2045A Coalpit Rd, Naseby 585.9 2 283 379.7 5 571 208.4 
2045B Coalpit Rd, Naseby 603.4 2 283 04 6. 0 5 571 935.5 
2046 Puketoi-Patearoa Rd, 
Maniototo 384.5 2 274 188.2 5 544 607.4 
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Collar Co-ordinates 
Borehole Height N.Z. Map Grid 
Number Location (metres) E N 
2047 Puketoi Runs Rd, 
Maniototo 396.0 2 267 500 5 539 880 
2048 Home Hills sector 679.8 2 270 133.9 5 582 060.8 
2049 Patearoa-Hamilton 
Rd, Maniototo 437.5 2 281 571.3 5 546 819.9 
2050 Mundell Rd, near 
Kokonga, Maniototo 347.5 2 296 000 5 553 250 
2051 Swinburn Back Rd, 
Maniototo 469.4 2 299 546.0 5 560 707.1 
2051A Swinburn Back Rd, 
Maniototo 463.8 2 299 760.1 5 560 488.7 
2052 Lower Nevis 672.1 2 195 569.8 5 549 284.9 
2053 Tarras 289.3 
2054 Home Hills sector 745.9 2 271 965.7 5 584 542.9 
2055 Home Hills sector 675.4 2 269 829.6 5 583 202.8 
2056 Home Hills Runs Rd, 
Home Hills sector 726.2 2 271 113.3 5 584 974.6 
2057 Home Hills sector 742.1 2 273 014.2 5 583 879.0 
2058 Home Hills sector 709.6 2 271 630.6 5 503 264.4 
2059 Home Hills sector 680.3 2 270 477.5 5 582 643.7 
2060 Nelson Rd, Idaburn 554.3 2 269 624.8 5 575 761.8 
2061 Hut Creek, Hawkdun 
sector 586.9 2 266 918.7 5 591 625.8 
2062 Healey's Creek, 
Hawkdun sector 623.1 2 267 099.9 5 594 521.7 
2063 Hawkdun Runs Rd, 
Hawkdun sector 701.7 2 264 828.1 5 598 810.4 
2064 Hawkdun sector 730.5 2 266 755.7 5 598 806.1 
2065 Hawkdun sector 686.4 2 263 515.0 5 595 638.5 
2066 Hawkdun·Runs Rd 648.2 2 261 195.3 5 591 907.7 
2067 Hawkdun Runs Rd 602.2 2 260 525.3 5 590 214.2 
2069 Immediately south of 
Home Hills sector 646.1 2 269 293 8 5 580 055.3 
2070 Near Idaburn Coal 
Pit Rd, Idaburn 568.6 2 271 533.6 5 577 190.6 
2071 Roxburgh East sector 148.7 2 222 804.7 5 515 520.9 
2072 Roxburgh East sector 147.1 2 222 313.3 5 514 032.4 
2073 Roxburgh East sector 155.3 2 221 570.7 5 515 365.6 
2074 Roxburgh East sector 105.6 2 221 470.8 5 517 108.7 
2075 Home Hills sector 750.1 2 271 854.6 5 585 341.4 
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Collar Co-ordinates 
Borehole Height N.Z. Map Grid 
Number Location (metres) E N 
2076 Duncan Rd, Ettrick 90.0 2 225 062.3 5 502 976.3 
2077 Roxburgh East sector 160.7 2 223 266.4 5 516 119.0 
2078 Roxburgh East sector 153.7 2 222 152.4 5 514 707.2 
2079 Roxburgh East sector 155.8 2 223 508.5 5 514 765.3 
2080 Roxburgh East sector 108.9 2 222 555.2 5 513 160.4 
2081 Home Hills sector 694.8 2 270 298.1 5 583 979.0 
2082 Roxburgh East sector 110.8 2 221 742.2 5 513 556.5 
2083 Roxburgh East sector 152.9 2 222 236.7 5 515 296.1 
2084 Roxburgh East sector 155.7 2 221 844.1 5 514 741.2 
2085 Roxburgh East sector 154.0 2 221 974.0 5 515 282.0 
2086 Roxburgh East sector 147.0 2 222 723.6 5 515 171.8 
2087 Roxburgh East sector 152.0 2 222 445.1 5 516 490.2 
2088 Roxburgh East sector 137.9 2 222 375.7 5 513 685.6 
2089 Roxburgh East sector 111.7 2 221 418.5 5 516 267.0 
2090 Roxburgh East sector 108.2 2 221 806.3 5 517 773.1 
2091 Home Hills sector 721.7 2 271 164.0 5 584 511.5 
2092 Hawkdun sector 685.7 2 265 372.4 5 599 516.0 
2093 Hawkdun sector 683.6 2 265 341. 3 5 597 853.1 
2094 Hawkdun sector 673.2 2 265 711.9 5 598 655.7 
2095 Hawkdun sector 730.6 2 266 716.0 5 600 323.4 
2096 Hawkdun sector 785.2 2 266 324.8 5 602 611. 8 
2097 Hawkdun sector 693.2 2 266 005.2 5 599 669.7 
2098 Hawkdun sector 700.1 2 263 596.2 5 596 682.2 
2099 Hawkdun sector 742.4 2 264 067.4 5 597 872.4 
2100 Hawkdun sector 801.0 2 266 897.9 5 601 990.2 
2101 Home Hills sector 693.9 2 271 272.3 5 587 508.1 
2102 Home Hills sector 635.3 2 268 089.5 5 582 088.4 
2103 Roxburgh East sector 132.1 2 222 805.6 5 514 448.8 
2104 Roxburgh East sector 153.1 2 222 666.9 5 516 073.4 
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1.2 LOCATION OF OTHER 'CITED' BOREHOLES 
Borehole 
Name 










Terrace north of 
Shale Ck, Lower 
Nevis Valley 656.03 
.8 km N.W. of 
Lowburn 194.9 
. 6 km south of 
Ben Nevis Station, 
Lower Nevis Valley c. 670 
1.8 km N.W. of 
Gimmerburn 451 
Co-ordinates 
N.Z. Map Grid Year 
E N Drilled 
2 194 9 5 553 3 1978 
2 211 5 5 571 75 1978 
2 194 7 5 549 55 1981 
2 272 3 5 557 2 1981 
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2,0 STATUS OF KEY COAL PROSPECTSJ CENTRAL OTAGO 
ROXBURGH EAST COAL SECTOR 
Interim Report 
B.J. Douglas 
Geology Department, University of Otago. (NZERDC Contract 3041) 
6 November, 1980 
PART 1. Roxburgh East Coal Sector 
ABSTRACT 
213 million tonnes of indicated coal at downhole overburden to 
coal ratios <3:1 underlie terrace gravels to the east of Clutha 
River between Roxburgh and Roxburgh Hydro Dam. Coal reserve estimates 
and recommendations for future investigations are presented. 
1. INTRODUCTION 
During 1978 and 1979 a drilling programme financed by the 
Ministry of Energy was scheduled to investigate coal occurrence at 
Roxburgh East. Eleven drillholes totalling 1538 drilling metres and 
including one fully cored drillhole were completed. Drillhole data 
confirmed previous paleoenvironmental predictions as to the extent and 
probable location of a thick lignite seam underlying terrace gravels 
at Roxburgh East (Douglas, 1977; Isaac, Lindqvist and Douglas, 1978). 
This seam is formally referred to in this report as the McPherson 
seam (new name). The McPherson Seam is currently mined at Coal Creek 
(Harliwich's open cast), where almost the entire seam (45 m thick) is 




At least 126 m of Tertiary Manuherikia Group (lignite bearing) 
strata are preserved in the Roxburgh basin, bounded to the west and 
southeast by major fault displacements (Figure 2). In the northeast 
(between Crossan's mine and drillhole 2077; Figure 1), Manuherikia 
Group strata dip gently to the southwest in.unconformable contact on 
the schist (basement) dip slope. Structure contours on the schist-
Manuherikia Group contact (Figure 3), partly based on seismic refraction 
data (Broadbent, 1979), define basement geometry of the Roxburgh East 
sector. Limited control data may have resulted in an oversimplification 
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of the true structure, particularly if small fault displacements exist. 
In addition, sampling records from drillholes were often inadequate 
for confidently defining Manuherikia Group weathered schist basement 
contact on electric logs (e.g. drillhole 2078). 
West of estimate area REl and possibly RE3 (see Figure 6 for 
estimate areas) subsurface stratal continuity is disrupted by an 
inferred broad zone of deformation approximately paralleling the 
major north-south trending fault (Figure 2). Manuherikia Group 
strata from drillholes d2074, d2001, and d2073 are strongly deformed. 
Regional structural comparison can be made with well exposed outcrop 
mapped by the writer in the Lower Nevis Valley. There, a wide zone 
of deformed (folded and faulted) Manuherikia Group sediments (up to 
1 km wide), have been disrupted by fault movement associated with 
uplift on the western schist block. 
2.2 Stratigraphy 
Dip orientated electric log cross-section (Figure 7), is 
strategically plotted to illustrate stratigraphic relationships and geometrics 
of the rock units. 
Underlying the McPherson Seam is a sequence of variable lithology 
up to 46 m thick comprising very poorly sorted muddy quartzose gravels 
(predominant), interbedded with sands, silty sands, clay (often 
carbonaceous) and locally (d2072),intercalated with discontinuous 
coal seams. 
A thick persistent lignite seam (McPherson Seam) 37.5 mat 
d2077 thickens in a broad southwesterly trend to 66.6 mat d2072. 
Downhole seam thicknesses for the McPherson Seam are indicated on 
isopach map, Figure 5. Po~sibly concomitant with this trend is an 
apparent increase in seam variability. d2078 and d2072 are characterised 
by a number of seam splits and sharp increases in the inherent ash 
values, indicating rapid short distant splitting and coalescence of 
coal beds in the south of estimate area REl and RE2. The McPherson 
Seam interval at d2078 is represented by four coal beds. 
Where preserved, carbonaceous muds and shale, finely laminated 
silty clay, silty sands and clay embrace the remainder of the sequence 
between the top of the McPherson Seam and base of the gravels. The 
maximum thickness of Manuherikia Group 'cover' strata occurs in an area 
centred near d2002 and d2071 (54 mat d2002). Strata cropping out at 
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Harliwich's open cast (slumped) and further north (in situ) at an 
abandoned open cast mine (G43 214195), are of engineering importance 
for geomechanical studies. These outcrops provide the only exposure 
of Manuherikia Group strata overlying the McPh,~rson Seam. 
Younger Holocene-Pleistocene gravels 8-51 m thick, unconformably 
blanket Manuherikia Group sediments. Commonly, these gravels have 
almost completely replaced the upper part of the Manuherikia Group 
sequence, directly overlying the more resistant McPherson Seam 
(d2077, d2072). Up dip, between the subcropping root and floor 
boundary (estimate area RE2, see Figure 6), denudation of the seam is 
significant. At d2079 only the basal 13.6 m of the McPherson 
Seam interval remains. 
3. COAL QUALITY 
Coal core samples were chemically analysed by N.Z. Coal Research 
Association. 
On available data from d2071 the McPherson Seam has an (average) 
ash-free bed moisture of 52.2%, an in-ground moisture content of 46-
51.3%, and an in-ground sulphur value of 0.2-0.46%. In-ground specific 
energy values for coal composite samples from d2071 are 12.06-13.35 MJ/Kg 
(5,180-5,740 Btu/lb). 
Ash values accurately calibrated with long spacing density 
logs are currently unavailable. However, C.R.A. have demonstrated 
(McKay and Gray, 1978), that there is a close correspondence between 
logged density, measured density and ash content for coal from 
Waikato and Eastern Southland Coalfields. In both coalfields it is 
necessary to calibrate the difference between logged density and 
measured density.· In Eastern Southland the logged density reading 
is too high by about 0.06 g/cm3 . 
To provide meaningful qualitative data on coal tonnage 
estimates, preliminary in-ground ash values derived from long 
spacing density logs have been determined. A correlation between logged 
density and ash values was made from samples accurately correlated with 
log density values from d2054 (Home Hills coal sector), and with ash 
values approximately correlatable with log density values from composite 
and ply samples from Roxburgh (d2071), Hawkdun and Home Hills coal sectors. 
Ash values of coal core from the McPherson Seam are illustrated 
in Figure 5. The <5% ash values correlate with log density values <1.28; 
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5-10% ash values with log density values between 1.28-1.305; and l0-
~22% ash values with log density values between 1.305 and 1.46. Ash 
values in the high ash range are less sensitive to the density log, 
and on data available an accurate correlation cannot be made. 
In assess, ing coal thickness from electric logs, a coal 'cut off' 
log density of 1.46 g/cm
3 
has been used. 
·4. COAL RESERVES AND ESTIMATION CRITERIA 
4.1 Estimate Areas (cf. Figure 6) 
REI Boundary confined within the roof subcrop of.McPherson Seam. 
An arbitrary western limit is fixed (approximately) midway 
between d2002 and d2073 beyond which the subsurface projection 
of the McPherson Seam as a structurally continuous seam exceeds 
confidence limits. 
RE2 Defined between roof and floor subcrops of the McPherson Seam. 
RE3 An arbitrary transitional zone west and south of REl and RE2 
warranting a higher resource evaluation than RE4. 
RE4 Zone of considerable structural uncertainty. 
4.2 Estimation of Reserves 
Isopach trends on the McPherson Seam (Figure 5), delineate 
a broad rate of seam thinning, adequate to categorize REl and RE2 into 
estimateaibareas (1-9, Figure 6). Estimate areas REI and RE2 are 
justifiably categorized as indicated, and 'poor indicated' deposits 
respectively. The 42.6 m seam thickness value estimated for isopach 
interval 50-60 m (REl, subarea 3), is derived from the cumulative 
thickness of coal (42.6 m) within the McPherson Seam interval (66.6 m 
thick) of d2078. Coal thickness values for RE2 are half the value 
assumed for the equivalent isopach area within REI. 
No holes have been drilled within RE3. An inferred coal 
classification with thickness values of 40 m (subarea 11), and 32.5 m 
(subarea 10) are assumed. 
Although no drillholes are proposed immediately for RE4, it is 
significant as an area of coal resource potential. The area lies within 
the same structurally disturbed zone as the Coal Creek area to the north, 
where the McPherson Seam is currently worked. It is also significant 



















Table 1 Coal Estimate,_1'1cfb,erson_Seam, Roxbur9:.h East Sector 






Min Max* Average 
130.4 37.5 39.8 38 43.1 77 
79.7 48.8 45 102.9 
86.0 42.6 42.6 54.1 
14.3 66.6 65 45.5 
310.4 
79.7 19 











E = seam partially eroded. 
*=where subarea intersected by only 







































Table 2 Seam thi_cknesse§_c!!1<:l._gyerbJ1Fder1:coal_ratios, Roxburg_h_Eas'l::. Sector 
Thickness Drilled (m) * Coal structurally Overburden:coal disturbed. Correlation 
not possible. Aggregate ratio McPherson Seam 'Sub McPherson Seam' 'Sub McPherson Seam' McPherson Seam 
No. 1 No. 2 thickness of seams 
>2 m 
9 
48.8 3.1: 1 
39.8 2. 9 : 1 
66.6 9.5 3.4 1. 7 : 1 
15.3 
37.5 2.1: 1 
42.6 2. 5 : 1 
13.6E 4.4: 1 E 
7 
E = seam partially eroded 
* Predominantly high to very high ash coal 
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to intersect any significant thicknesses of lignite, they did penetrate 
a considerable thickness of Manuherikia Group strata. Further, during 
dam site investigations for Roxburgh Hydro, there was an unofficial 
record of a drillhole intersecting lignite in the north of RE4. 
Considering that the McPherson Seam is a dominant lithology 
(representing up to 70% of Manuherikia strata intersected in drill-
holes), RE4 must have a resource potential of several structurally 
displaced lignite blocks similar to the Coal Creek area. Estimate 
for RE4 is based on a 40 m lignite seam underlying an arbitrary 
one fifth of RE4, classified as hypothetical coal. 
Conforming with N.Z. Geological Survey practice for estimating 
lignite tonnage in Eastern Southland, a lignite density of 1.24 
was used in all calculations. 
No coal tonnage has been estimated for the two discontinuous 
coal seams occurring beneath the McPherson Seam at d2072. 
5. SUGGESTED PROGRAMME 
5.1 Drilling Investigations 
In line with proposed programme constraints outlined by 
Mines Division (October, 1980) drillhole sites for five open (though 
partially cored) holes, and one fully cored hole are located 
(Figure 6). The programme is designed to (i) evaluate the 
structural homogeneity of the McPherson Seam in the west, and 
(ii) provide better definition of (a) thickness variation in the 
McPherson Seam interval (estimate area REl), 
(b) subcrop and floor boundary 
of the McPherson Seam (estimate area RE2). 
Drillhole la: cored hole sited to provide sufficient useful 
data on the lithologic variability and characteristic~ 
of Manuherikia Group overburden for geomechanical 
testing as to the suitability of roof type to different 
mining systems. An alternative cored hole lb, is 
selected should initial drilling at la prove 
unsatisfactory. The sites are sufficiently distant 
from cored hole d2071 to provide significant new data. 
346 
Drillhole 2 and 3: located to evaluate the western extent of the 







west (in RE4). Should drillholes 2 and 3 positively 
identify subsurface continuity of the McPherson Seam, 
then drillholes further west can be phased. 
to identify the northwestern extent of the 
McPherson Seam (within REl). The choice of location 
between 4a and 4b to be dependent on drilling results 
achieved at drillhole 2. Should drillhole 2 fail to 
prove McPherson Seam continuity withi'n estimate area 
RE3, it is recommended that site 4a be drilled to 
determine the western margin. 
proposed to determine (i) the southern extent of the 
McPherson Seam, (ii) lateral continuity of the two 
lower lignite horizons present in 2072, (iii) degree 
of splitting within the McPherson Seam. 
located to identify seam variability in the east. 
B.J.D. Proposed Drillhole locations (cf. Figure 6) 
Drillhole No. Co-ordinates NZMG Sheet G43 
E N 
la 2 222 65 5 515 03 
or 
lb 2 222 44 5 515 81 
2 2 222 07 5 516 02 
3 2 221 73 5 514 74 
4a 2 222 42 5 516 51 
or 
4b 2 222 50 5 516 86 
5 2 222 43 5 513 63 
6 2 223 42 5 515 53 
\ 
holes 2-6 are listed in order of drilling priority) 
5.2 Seismic Investigations 
It is recommended that before further holes are drilled in 
RE4, a thorough seismic refraction investigation be conducted. 
Additional subsurface information is needed to outline structure within 
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RE4. Where possible, seismic lines should traverse drillholes to 
assist interpretation of results. 
6. SUMMARY 
The McPherson Seam represents a significant resource of coal. 
Investigations are at a preliminary stage. Considerably more data is 
required to: 
(a) upgrade the reserve status of this coal resource, 
(b) upgrade our knowledge of coal types for beneficial utilization 
of this resource, 
(c) determine the geomechanical and hydrologic properties of 
rock type for assessing mining methods. 
The following geological factors should be taken into account when 
considering exploitation of the McPherson Seam: 
(a) The coal rank. 
(b) Coal composition. Preliminary investigations indicate the 
McPherson Seam is (at least· locally) unusually rich in 
liptinite (Douglas, 1977a; Black, 1980). 
(c) Large reserves in a single seam at an attractive overburden: 
coal ratio. The maximum depth of cover drilled over the 
McPherson Seam is only 103 m. 
(d) The relatively unconsolidated overburden which would facilitate 
stripping. 
(e) Gold values in the overlying terrace gravels and underlying 
basal Manuherikia Group gravels. 
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RECOMMENDATIONS 
Liaison between groups working with Central Otago lignites has 
been inadequate. Certain information and samples which could have been 
obtained during the previous drilling programme have proven inadequate. 
It is recommended: 
1. That where possible, short core runs be obtained from each hole for 
assessing necessary structural information. These cores are also of 
value for calibration purposes with electric logs. Short core lengths 
should be adequately stored. 
2. Wash chip samples should be collected at regular intervals from 
apparently monotonous lithologies. s·amples must be adequately labelled 
and stored in heavy gauge polythene bags. 
3. The ratio of open holes to cored holes be reviewed. To date, 
the amount of coring has been insufficient to provide essential 
lithologic (in particular coal lithologic), sedimentologic, structural 
and georrechanical data for an adequate evaluation of the coal deposit. 
Drillcore evaluation provides an extensive range and quantity of 
information, the usefulness of which has not been fully realised. 
The value of detailed coal macrolithologic and sedimentologic evaluation 
of drillcore is seriously underrated. If specialist advice (i.e. for 
coal macrolithologic logging) is currently unavailable, it is important 
that core is adequately preserved until assistance is available. 
4. Coal core sampling methods be upgraded. There is a need to 
enhance the quality of sampling; to relate chemical analyses to 
'actual' (not 'average') coal types as determined by detailed core 
logging. The value of analytical data from composites and plies 
encompassing several lithologies is not doubted. However_, there is 
a need (particularly at this early investigative stage), to relate 
chemical variability in coal seams to coal type. Considerable 
expertise is required to recognise subtle but real lithologic variations 
in the coal core. It is important that coal macrolithotypes be sampled 
by experienced personnel. 
5. Drilling supervision standards be reviewed. Discontinuous drilling 
supervision (one geologist supervising six rigs, often widely spaced) 
resulted in a lack of adequate recording and sampling procedures. This 
has reduced the detail and reliability of data. 
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6. An improved working liaison be established between groups 
investigating the Central Otago coalfields. Under the auspices 
of NZERDC Contract 3041 a considerable research effort has been 
successful in elucidating parameters controlling coal distribution 
and quality in Central Otago. We possess a wealth of data and view with 
considerable misgiving the fact that we were not notified of the 1980 
drilling programme until planning was at an advanced stage. 
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STATUS OF KEY COAL PROSPECTS, CENTRAL OTAGO 
HOME HILLS COAL SECTOR - DRILL HOLE PROPOSALS 
Interim Report 
B.J. Douglas 
Geology Department, University of Otago. (NZERDC Contract 3041) 
18 December 1980 
PART 2. Home Hills Coal Sector 
Recent drilling (1978-79), financed by the Ministry of Energy has 
disclosed the presence of six significant lignite .seams in excess of 2 m, 
ranging up to 19 min thickness in the Home Hills coal sector. Drill 
hole locations for additional drilling scheduled for early 1981 are 
presented. 
Geology 
At least 240 m (locality d 2075) of Tertiary Manherikia Group coal 
measures are preserved within a northward plunging asymmetric synclinal 
basin, terminated to the north and south by major faults (Fig. 1). 
Mesozoic sediments cropping out near d 2048 represent upfaulted basement 
of the Home Hills syncline. The eastern limb is gently west-dipping, 
resting in unconformable contact on the Mesozoic greywacke basement. 
Seismic refraction data, structure contour patterns (Figs 1 and 2), and 
regional structural similarities with well exposed outcrop in Central 
Otago, indicate Manuherikia Group strata on the western limb are deformed 
against Mesozoic greywacke basement. Dot-dash lines in Figures 1-6 
represent the western extremity of synclinally folded Manuherikia 
Group strata. West of this line, any Manuherikia Group strata which 
may be preserved are inferred to be highly deformed. 
A veneer of Holocene-Pleistocene gravels to a depth of 48 m 
(d 2054) conceal Manuherikia Group strata (Fig. 7). 
Considerable variation occurs in the number and thickness of coal 
seams. Electric log cross-section (Fig. 7) illustrates rapid lateral 
variations in lithology, splitting and discontinuity of coal seams. 
Coal seam isopach maps Figures 3-6 define trends in coal seam thickness. 
Proposed drill holes 
With the exceptions of drill hole 1 (cored hole) and 6 (exploratory 
hole), drill hole site recommendations are located where (a) structural 
homogeneity of strata is questionable, (b) isopach control of seam thickness 
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variation is inadequate for reliable estimation of coal tonnage, and 
(c) seam subcrop boundaries are poorly defined. 
Drill hole 1: Cored hole sited to intersect maximum thickness of 
Manuherikia Group strata for geomechanical and chemical 
analysis. 
Drill hole 2: Located to determine thickness variation of Johnstone 
seam south of d 2039. The upper split of the Johnstone 
seam thickens rapidly southwards (Fig. 4) •. Presently 
available drill hole information is inadequate to permit 
confident plotting of isopachs in the upper split. Coal 
thicknesses at d 2059 (close to the southern fault) suggest 
overthickening resulting from local tilting. It is essential 
that short core runs are obtained for assessing structural 
information from this hole. 
Drill hole 3: Sited to evaluate the structural homogeneity and thickness 
variation of basal coal seams (particularly the Johnstone 
seam). Although no core was recovered, Manuherikia strata 
drilled immediately to the west at d2055 were strongly 
deformed structurally. 
Drill holes 4, 5 and 6: Located to determine the structural homogeneity, 
attitude, and thickness variation of coal seams along the 
western margin. It is important that short core runs are 
obtained for structural interpretation of the strata. 
Drill hole 7: To identify (i) the northwestern extent of coal measures 
parallel to the Hawkdun fault, and (ii) seam thickness 
variability. 
Drill hole 8: An exploratory drill hole to intersect the inferred coal 
measure sequence preserved in the downfaulted structural 
block immediately south of d 2048. Isopach maps (Figs 3-6) 
indicate original depositional continuity of coal measures 
south of the Home Hills sector. Particularly significant 
is the increase in thickness southwards of the Johnstone 
seam (Figs 3 and 4). Ideally, a seismic refraction survey 
should be considered to help select a site with relatively 
shallow overburden cover. 
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Table 1 
Proposed Drill Hole Locations 
Drillhole no. Co-ordinates NZMG Sheet H41 
E N 
1 2 271 34 5 585 14 
2 2 270 95 5 583 13 
3 2 270 19 5 583 35 
4 2 270 70 5 585 65 
5 2 270 32 5 584 68 
6 2 270 89 5 586 68 
7 2 272 57 5 584 50 
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In Appendix 3, lignite beds of the Home Hills 
Coal Sector are annotated by a code different 
to that used in the main text (cf. Fig. 4.14) 
to identify analogous beds of the Johnstone 
Seam. Corresponding beds are tabled below. 
Appendix 3 
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UNDIFFERENTIATED MANUHERIKIA GROUP 
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Vertical 









TO STRATIGRAPHIC COLUMNS 
























lignite / coal 
schist / greywacke 
1.-1 carbonapeous clasts 
C carbonaceous 
C very carbonaceous 
SEDIMENTARY FEATURES 
1,:::::-1 rippled lenticular layer 
LJ LJ mud cracks 
\ upward fining cycle 
I upward coarsening cycle 
BIOGENIC STRUCTURES & FOSSILS 
+ burrows 
-,,- bored surface 
~ churned, bioturbated 
~ xylitic stump 
~ roots I rootlets 
a::::::::J stems / branches 
R resin globules 
~ leaves (entire) 





ix::::> fish remains 
<5 bones 
POST DEPOSITIONAL FEATURES 
disturbed, fractured, slickensided 
highly disturbed . . ,. 
Colours described in the text are 
from the Munsell Soil Color Chart. 
